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If  the  Air  Force  is  to  carry  out  its  mission  within  ever  tightening 
financial  constraints,  it  must  insist  that  the  products  and  pro- 
cesses it  requires  meet  prescribed  levels  of  quality.  Not  only 
is  this  true  of  the  characteristics  of  newly  purchased  items,  but 
it  is  also  applicable  to  "maintenance  and  provisioning  activities, 
work  done  to  standards  at  base  and  unit  levels,  and  office  and  staff 
functions  as  well.  When  an  item  or  task  must  meet  specified  criteria 
to  be  acceptable,  some  form  of  quality  control  is  appropriate. 
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Lt  Col  Bohlen  and  Lt  Col  Sweeney  have  combined  their  considerable 
experience  and  expertise  in  this  volume  to  explain  the  principles 
of  quality  control  in  a logistics  and  facilities  management  context. 
Earlier  versions  of  the  work  appearing  as  class  handouts,  have 
been  used  in  the  Qualitv  Control  course  offered  in  the  Graduate 
Management  Program  in  the  School  of  Systems  and  Logistics,  Air 
Force  Institute  of  Technology,  Wright-Patterson  Air  Force  Base, 

Ohio.  The  course  is  offered  as  an  elective  in  the  fourth  or  fifth 
quarter  of  a concentrated  one-year  program.  Typically  a student 
has  completed  a two-course  sequence  in  statistics,  and  at  least  one 
course  in  systems  analysis  prior  to  this  subject.  However,  the 
mathematical  topics  are  kept  at  an  intermediate  level,  and  the 
authors  develop  important  concepts  assuming  only  a modest  back- 
ground in  probability  and  statistics.  This  broadens  considerably 
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the  usefulness  of  the  text  to  busy  managers  facing  the  need  to 
measure  and  control  quality. 

The  authors  are  careful  to  place  emphasis  on  the  pragmatic  aspects 
of  quality  control.  They  begin  their  study  with  an  investigation 
of  DOD  and  Air  Force  policy  and  working  definitions  underlying  quality 
control.  They  refer  often  to  appropriate  MIL  standards,  including 
as  appendices,  MIL-STD-105D  Sampling  Procedures  and  Tables  for 
Inspection  by  Variables  for  Percent  Defective.  Further,  Lt  Cols 
Bohlen  and  Sweeney  have  provided  numerous  examples  illustrating  how 
the  various  notions  may  be  used  in  specific  situations. 

The  technical  material  is  divided  into  two  major  themes:  (1) 

process  control  through  the  use  (primarily)  of  control  charts  and 
(2)  sampling  methods  by  which  basic  data  on  an  ongoing  process  is 
gathered  and  assessed.  As  each  topic  is  developed,  the  reader  can 
trace  the  context  in  which  the  technique  is  appropriate,  the  under- 
lying rationale,  and  basic  procedures  for  carrying  out  the  control 
or  measure.  The  authors  refer  to  acknowledged  authorities  for 
detailed  theoretical  developments,  freeing  the  practitioner  to  see 
the  connection  between  the  recottmended  schema  and  the  problem  at 
hand,  while  directing  the  student's  attention  to  the  theory  necessary 
for  understanding  the  foundations  upon  which  the  methods  are  based. 

I am  sure  you  will  find  this  text  by  Lt  Cols  Bohlen  and  Sweeney 
useful  in  the  classroom  to  gain  a firm  appreciation  of  quality 


control  principles.  It  should  also  prove  valuable  as  a practical 
guide  in  the, field  to  aid  the  manager  in  establishing  and  operating 
a valid  and  cost  effective  control  system. 


EDWARD  J.  FISHER,  Ph.D. 


PREFACE 

This  book  has  been  prepared  for  the  primary  purpose  of 
serving  as  the  textbook  in  the  Graduate  Logistics  Program  and 
more  specifically  the  Quality  Control  course. 

Virtually  all  of  the  texts  in  Quality  Control  are  oriented 
to  the  manufacture  of  new  products.  The  Air  Force  and  the  Depart- 
ment of  Defense  manufacture  few  products,  but  procure  many  products 
and  are  responsible  for  maintenance  and  repair  of  vast  quantities 
of  equipment.  It  is  the  authors'  beliefs  that  many  of  the  concepts 
and  techniques  of  statistical  quality  control  can  be  used  to  design 
and  operate  quality  control  systems  in  many  areas  of  the  Department 
of  Defense  and  the  Air  Force  to  improve  the  effectiveness  and 
efficiency  of  their  operations. 


Included  in  this  text  are  statistical  tolerancing,  process 
control,  the  statistical  background  of  sampling  theory,  the  attri- 
bute and  variable  sampling  plans,  and  the  MIL-STD  105D  and  414. 
Mastery  of  the  included  material  is  only  a beginning  but  will 
basically  qualify  the  student  to  establish  quality  sampling  plans 
and  to  mjmage  quality  systems. 

The  authors  have  gleaned  material  from  many  sources  in  this 
fascinating  area.  Of  particular  note  is  the  outstanding  work  by 
the  Army  Management  Engineering  Training  Agency.  For  the  serious 
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student  who  wishes  to  pursue  this  topic  in  more  detail,  we 
recommend  "Quality  Control  and  Industrial  Statistics"  by  A.  J. 


Duncan . 


We  wish  to  thank  Mrs.  Carletta  Clemmer,  Mrs.  Kay  Atkins 
and  Mrs.  Renita  Rapp  for  their  editorial  assistance.  A special 
thanks  to  Betty  Nelson  who  took  our  scribbled  notes  and  turned 
them  into  a legible  document. 


r 


I 


INTRO  [XJCr  ION 


Department  of  Defense  (IDD)  Policy 

The  Department  of  Defense  policy  with  regard  to  quality  assur- 
ance is  set  forth  in  IX)D  Directive  4155.1,  9 Feb  1972,  subject; 

Quality  Assurance.  The  purpose  of  this  directive  is  stated  as 
follows ; 


ITiis  directive  establishes  Department  of  Defense 
quality  assurance  policies  de.signed  to  assure  that 
all  materiel,  data,  supplies  and  sei:n/-ices  developed, 
procured,  stored,  operated,  maintained,  overhauled, 
or  disposed  of  by  or  for  the  Department  of  Defense 
meet  the  following  objectives; 

A.  that  materiel,  data,  supplies  and  services 
conform  to  specified  requirements. 

B.  that  specified  requirements  for  materiel, 
data,  supplies  and  services  arc  practical  and 
cnforceablw;  and 

C.  that  user  dissatisfaction  and  mission  inef- 
fectiveness are  prevented  or  eliminated. 

The  directive  expands  on  the  above  objectives  and  specifically 
states  that  the  policies  apply  to  supply,  storage,  and  maintenance 
activities  as  well  as  procuring  or  producing  activities. 


Air  Force  Policy 


Air  Force  policy  with  regard  to  quality  assurance  is  set  forth 
in  Air  Force  Regulation  74-1,  4 Aug  1975,  subject:  Quality  Assurance 

Program.  Ihis  regulation  expands  on  the  POD  policy  to  emphasize  the 
application  to  Air  Force  activities.  This  regulation  specifically 
states  that  the  piolicies  apply  to  supply,  storage,  transportation  and 
nvJintenance  activities  as  well  as  procuring  activities. 


j : 


J 


2 

Both  the  DOD  Directive  and  the  Air  Force  Regulation  require 
the  establishment  of  appropriate  control  systems  to  maintain  accept- 
able levels  of  quality. 


Ifefinitions 

The  following  definitions  are  quoted  from  DOD  sources: 

A.  Quality:  The  conposite  of  materiel  attributes 

including  performance  [DOD-D-4155.1,  9 Feb  1972; 

MIL-STD-109-B,  4 Apr  1969;  AFR  74-1,  4 Aug  1975). 

B.  Quality  Assurance:  A planned  and  systematic 

pattern  of  all  actions  necessary  to  provide  adequate 
confidence  that  the  item  or  product  conforms  to 
established  technical  requirements  (DOD-D-4155.1, 

9 Feb  1972;  MIL-STD-109-B,  4 Apr  1969;  AFR  74-1, 

4 Aug  1975). 

C.  Quality  Control:  A management  function  vdiereby 

control  of  quality  of  raw  or  produced  material  is  exer- 
cised for  the  purpose  of  preventing  production  of 
defective  material  (MIL-STD-109-B,  4 Apr  1969,  AFR  74-1, 

4 Aug  1975). 

There  are  a number  of  other  definitions  for  the  above  terms 
set  forth  by  various  authors.  Hayes '(1974)  defines  quality  control 
as  ".  . .a  management  function  which  must  have  the  authority  to 
regulate  conditions  that  affect  product  quality."  Hoffman  (1971) 
defines  quality  control  as  ".  . . the  proper  control  of  quality  of 
a product  to  assure  customer  satisfaction." 

The  author  of  this  handout  includes  in  the  definition  of 
quality  control  all  actions  by  management  to  control  the  quality  of 
products  and/or  services  including  design,  production,  procurement, 
supply,  transportation,  storage,  maintenance,  and  disposition.  Quality 
control  systems  need  not  be  limited  to  the  production  or  procurement  of 
materiel  but  can  be  effectively  applied  in  other  areas  as  well. 
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llic  followinji  clef  in  i t ions  will  aid  in  discussing  the  quality 
of  a product  or  ser\/ico; 

Quality  Characteristic.  Kirkpatrick  (1970)  defines  a quality 
characteristic  as  a "property  (e.g. , a dimension,  a temperature,  a 
pressure,  etc.)  used  to  define  the  nature  of  a product."  For  exanple, 
the  size  dimensions,  the  degree  of  roundness  or  straightness,  the  sur- 
face character,  the  color,  the  strength,  ;ind  the  hardness  all  might  be 
quality  characteristics  of  a materiel  item.  The  quality  characteristic 
of  a "serv’ice"  tvpe  item  might  be  the  letters  on  a typewritten  page,  or 
the  numbers/letters  on  a supply  requisition.  The  quality  characteristjc 
of  a maintenance  type  item  might  relate  to  the  calibration  of  an  inst:".i- 
ment,  the  liquid  level  in  tanks  or  gauges,  the  air  pressure  in  tires,  or 
the  torque  level  required  on  certain  bolts. 

Quality  of  Design  refers  to  a difference  in  specification  for 
the  same  functional  use  (Kirkpatrick,  1970).  For  example,  if  two  parts 
were  designed  to  perform  the  same  function  and  one  had  a specification 
of  ten  inches  plus  or  minus  one-half  inch  (10.000  - 0.50)  and  the  other 
had  a specification  of  ten  inches  plus  or  minus  one-quarter  inch 
(10.000  ± 0.25),  the  part  with  the  ^ one-quarter  inch  specification 
would  have  the  "better"  quality  of  design- -in  other  words,  its  spec- 
ification would  be  "tighter."  It  should  also  be  noted  that,  in  general, 
as  the  quality  of  design  gets  better  (tighter),  the  cost  of  providing 
the  item  or  service  increases. 

Quality  of  Confonmnee  refers  to  the  degree  to  which  the  man- 
ufactured product  conforms  to  the  specification  (Kirkpatrick,  1970). 

For  example,  if  one  part  produced  to  either  of  the  specifications 


stated  in  the  above  paragraph  measured  "10.01"  and  another  measured 
"10.02",  the  "10.01"  part  has  a better  quality  of  conformance. 

Brief  History  of  Statistical  Quality  Control 

Prior  to  the  advent  of  mass  production  of  products,  all  parts 
were  individually  made  and  parts  mated  in  the  shop.  Since  each  part 
was  individually  made  and  fitted,  there  was  not  a predetermined 
standard  against  which  each  part  was  compared.  The  quality  was 
determined  by  the  product's  performance  and  its  performance  determined 
the  maker's  reputation. 

In  the  early  1800's,  Eli  Terry  began  the  mass  production  of 
clocks,  and  sirple  gauges  were  used  to  insure  the  interchangeability 
of  parts.  As  industrial  development  continued  and  mass  production 
increased,  small  scale  inspection  procedures  were  no  longer  adequate 
due  to  the  large  nunber  of  parts  being  mass  produced. 

It  is  generally  agreed  that  the  first  person  to  apply  statis- 
tical methods  to  quality  control  was  Walter  A.  Shewhart  of  the  Bell 
Telephone  Laboratories  in  the  1920' s.  Production  of  telephone  handsets 
was  about  10  million  annually.  Western  Electric  Con^jany  and  Bell  Tele- 
phone Laboratories  combined  their  efforts  to  produce  a product  which 
would  withstand  hard  public  usage  with  increased  reliability.  In  1924 
Shewhart  presented  his  initial  thoughts  on  control  of  quality  during 
manufacturing,  later  to  be  published  in  his  book,  Economic  Control  of 
Quality  of  Manufactured  Product. 

Two  other  Bell  pioneers,  H.  P.  Dodge  and  H.  C.  Romig,  applied 
statistical  theory  to  sampling  inspection  to  produce  their  widely  used 
Sampling  Inspection  Tables. 
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Until  World  War  II,  acceptance  of  the  Bell  methods  was  slow.  | 

1 

The  publication  of  Military  Standard  105  forced  suppliers  to  adopt 
equivalent  inspection  procedures  to  keep  their  products  from  being 
rejected  by  the  military  services.  The  environment  had  changed  from  ; 

one  of  fairly  simple  products  to  complex  systems  requiring  new  con- 
trols of  men,  materials,  and  machinery. 

i 

During  the  1950 's  to  the  1960 's,  systems  became  more  complex 
and  the  emphasis  was  on  quality  products. 

Attention  was  focused  on  system  integration, 
component  compatability , producibility,  value 
engineering  and  systems  maintainability- -all  to  be 
undertaken  in  the  frame  of  reference  of  standard 
parts,  mass  production  techniques,  and  extremely 
high  standards  of  reliability  (Hayes,  1974). 

Statistical  quality  control  techniques  are  widely  used  through- 
our  industry  today.  The  American  Society  for  Quality  Control,  formed 
shortly  after  World  War  II,  is  one  of  the  leading  forces  in  promoting 
the  uses  of  and  advances  in  statistical  quality  control.  Their  publi- 
cation, Quality  Progress,  is  the  successor  to  their  earlier  publication 
Industrial  Quality  Control. 


CH/\PTI-R  II 


STATISTICAL  TOLERANCING 


Introduction 

MIL-STD-109B,  4 Apr  1969,  defines  the  "specification"  as; 

A document  intended  primarily  for  use  in  procurement, 
which  clearly  and  accurately  describes  the  essential 
, and  technical  requirements  for  items,  materials,  or 
services,  including  the  procedures  by  which  it  will 
be  determined  that  the  requirements  have  been  met. 
Specifications  for  items  and  materials  may  also  con- 
tain preservation,  packaging,  packing  and  marking 
requirements . 

In  general,  the  technical  specification  establishes  the 
"quality  of  design"  of  an  item  or  servdce.  The  degree  to  vdiich  an 
item  or  service  conforms  with  the  specification  establishes  the 
"quality  of  conformance." 

Ihe  remainder  of  this  chapter  is  concerned  with  establishing 
the  technical  specifications  for  parts  or  asseirblies.  The  objective 
is  to  acquaint  the  student  with  some  of  the  terminology  of  technical 
specifications  and  to  demonstrate  that  the  concept  of  statistical 
tolerancing  can  be  used  to  greatly  increase  the  tolerances  on  indi- 
vidual component  parts  without  adversely  affecting  the  quality  of 
design  of  the  overall  "asseml^ly." 

Tolerancing 

The  "tolerance"  of  a part  refers  to  the  total  variation  permit- 
ted in  producing  (or  maintaining!  the  part.  There  are  basically  two 
ways  in  which  the  tolerance  can  be  specified.  The  first  method  states 
a "design  size"  to  which  tolerances  are  applied.  'Ihe  plus  and  minus 
tolerances  for  this  design  size  do  not  have  to 
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be  eqioal.  Specifications  (a)  through  (d)  below  are  all  exajiples  of 
this  type  of  tolerancing;  the  design  sizes  being  10.00,  9.99,  10.01, 
etc.  and  the  tolerances  being  + .01;  t'oo*  t’o2’  second 

method  sinply  states  the  upper  and  lower  limit  of  the  specifications 
sixh  as  (e)  below.  Tolerances  specified  by  the  first  method  can 
always  be  changed  to  that  of  the  second  method.  In  other  words,  if 
the  tolerances  shown  in  (a)  through  (d)  below  refer  to  the  dimension 
in  Figure  1 or  Xg  in  Figure  2,  they  can  all  be  reduced  to  a dimen- 
sion with  a mininum  limit  and  a maximum  limit  such  as  in  (e)  below. 

(a)  10.00  ± .01 

(b)  9.99  : 

(c)  10.01  ^ 

(d)  10.005 


(e)  9.99  and  10.01 

\ = 10.00  ± .01 


Nominal  Size 

The  "nominal"  size  of  a part  is  used  for  general  identification 
only.  For  example,  a part  which  is  specified  to  be  nanufactured  to  a 
dimension  of  .995"  to  1.005"  might  be  said  to  have  a nominal  size 
of  1".  The  nominal  size  can  also  refer  to  the  mean  dimension  of  the 
two  limits  regardless  of  how  these  limits  are  specified.  For  example, 
the  nominal  size  of  dimensions  and  Xg  in  Figures  1 and  2 is  10.00" 
regardless  of  which  method  of  specifying  the  tolerance  was  used. 


Clearance 

The  clearance  refers  to  the  difference  between  an  interior 
dimension  and  the  adjacent  exterior  dimension  of  two  mating  parts  such 
as  shown  in  Figure  3. 


clearance 


- Figure  3 

The  maximum  clearance  is  defined  as  the  maxinum  interior  dimen- 
sion (e.g.,  Xg  on  Figure  2j  minus  the  minimum  exterior  dimension  (e.g., 
X^  on  Figure  1)  of  the  mating  parts. 

The  minimum  clearance  is  defined  as  the  minimum  interior  dimen- 
sion minus  the  maximum  exterior  dimension  of  the  mating  parts.  These 


clfearances  can  be  negative  lAich  indicates  that  there  is  a pressure 
fit.  If  a negative  clearance  is  an  acceptable  condition,  the  parts 
are  forced  together  by  pressure,  fitted  by  heating  or  cooling,  or 
mated  in  some  other  manner. 

Allowance 

The  allowance  is  the  miniimim  specified  clearance.  This  is  the 
tightest  fit  allowed  under  the  prescribed  tolerances.  This  condition 
is  achieved  vAien  the  mating  parts  are  manufactured  to  their  maximum 
material  limits,  i.e.,  the  maximum  permissible  material  is  left  on  the 
parts . 

System  of  Fits 

There  are  several  systems  for  classifying  types  of  fits  based 
on  specified  allowances  for  certain  ranges  of  nominal  sizes.  Fit 
refers  to  the  range  of  tightness  which  may  result  from  the  application 
of  a specific  combination  of  allowance  and  tolerances  in  the  design  of 
mating  components.  (Kirkpatrick,  1970).  Standard  systems  result 
in  three  classes  of  fit:  clearance,  transition,  and  interference. 

(a)  Clearance  Fit.  A clearance  fit  results  when  both  the 
maximum  and  the  minimum  clearances  are  positive.  For  example,  the  fol- 
lowing specifications  for  parts  A and  B (as  shown  in  Figures  1 and  2 
and  assembled  as  shown  in  Figure  3)  results  in  a clearance  fit: 

Xg  = 10.500  + .002 
= 10.495  ± .002 

Nbximum  Clearance  = 10.502  - 10.493  = + .009 

Minimum  Clearance  = 10.498  - 10.497  = + .001 
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(b)  Transition  Fit.  A transition  fit  results  vhen  the  maxi- 
mum clearance  is  positive  and  the  minimum  clearance  is  negative.  For 
example,  the  following  specifications  result  in  a transition  fit: 

Xg  = 10.501  ± .003 

X,  = 10.497  + .002 

A 

Maximum  Clearance  = 10.504  - 10.495  = +.009 

Minimum  Clearance  = 10.498  - 10.499  = -.001 

(cl  Interference  Fit.  An  interference  fit  results  when  the 
maximum  and  minimum  clearances  arc  both  negative.  For  example,  the 
following  specifications  result  in  an  interference  fit: 

Xg  = 10.500  + .001 

X^  = 10.503  + .001 

Maximum  Clearance  = 10.501  - 10.502  = -.001 

Minimum  Clearance  = 10.499  - 10.504  = -.005 

Within  each  class  of  fit  are  grades  of  fits  which  result  from 
further  limits  on  tolerance  combinations. 

Additive  Tolerancing 

Under  the  concept  of  additive  tolerancing,  it  is  assumed  that 
100%  of  the  parts  are  produced  within  the  design  specifications  and 
that  there  is  full  and  complete  interchangeability  of  parts.  Under 
this  concept,  if  parts  A,  B,  C,  and  D shown  in  Figure  4 are  produced 
to  the  tolerances  indicated  below,  the  total  tolerance  is  calculated 
as  follows: 
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Determination  of  the  design  dimension,  Y,  from  the  design 


dimensions  X^,  X^,  X^,  and  X^^  is  as  follows: 

^ = ""a  " "b  " ^ 

Y = 3.000  + 2.000  + 3.000  + 2.000 

Y = 10.000 

Determination  of  the  tolerances  for  Y is  as  follows.  Note 
that  tolerances  always  add! 

Maximum  Tolerance  = + .006  + .006  + .006  + .006  = .024 
Minimum  Tolerance  = + .006  + .006  .006  + .006  = .024 

Specification  is  10.000  ± .024 

If  Y were  specified  to  be  10.000  i .016  and  the  individual  part 


tolerances  were  specified  to  be  allocated 


then  the  tolerance 


for  each  component  part  would  be  ± .016/4  = +.  .004. 

The  additive  tolerance  for  Y on  an  assembly  such  as  that  shown 


in  Figure  5 is  computed  as  follows: 


Y 


Figure  5 


u 


> 


•.  I 

: j 


j 

( 

> 
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= 3 i ,006 

Xg  = 2 ± .006 

X^  = 3 + .006 

Xp  = 2 ± .006 

X_  = 10  + .006 
E ~ 

Y=10-  C3+2+3+2)=0 

To  compute  the  maximum  tolerance,  we  find  the  tolerances  for 
the  minimum  material  limit  on  each  part  and  add  these  tolerances. 

Maxiiratci  Tolerance  for  Y = .006  + .006  + .006  + .006 
+ .006  = .030 

To  compute  the  minimum  tolerance,  we  find  the  tolerances  for 
the  maximum  material  limit  on  each  part  and  add  these  tolerances 

Minimcin  Tolerance  for  Y = .006  + .006  + .006 
+ ,006  = .030 
Therefore,  Y = 0 ± ,030 

Suppose  that  Xj,  = 10.000  + .003  and  - .002,  then 

Minimum  Tolerance  for  Y = + .006  + .006  + .006  + .006 
+ ,002  = .026 

Maximun  Tolerance  for  Y = .006  + .006  + .006  + .006 
+ .003  = .027 


Therefore,  Y = 0 + .027  and  - .026 
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In  working  problems  like  that  above,  one  mtist  keep  in  mind 
that  the  minimum  tolerance  is  based  on  the  maxinum  material  limits 
and  the  maximum  tolerance  is  based  on  the  miniimni  material  limits. 

Example  Problem 

You  have  been  advised  that  the  following  tolerances  have  been 
established  for  parts  A,  B,  C,  I),  and  E in  Figure  6: 

= 2.000  + .003 
Xg  = 1.000  ± .003 
X^  = 1.000  ± .003 
Xjj  = 3.000  ± .005 
Xj,  = 7.009  + .003 


Figure  6 


Using  additive  tolerancing  assuming  full  interchangeab i 1 i ty , 
answer  the  following: 

(a)  Determine  the  minimum,  maximum,  and  average 
dimension  "Y”. 

Cb)  What  class  of  fit  is  this?  Why? 
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Solution 

a.  (1)  Y design  dimension 

Y = 7.009  - (2.000  + 1.000  + 1.000  + .5.000)  = .009 

(2)  Minimum  Tolerance  = .003  + .003  + .003  + .003 

+ .003  = .015 

(3)  Maximum  Tolerance  = .003  + ,003  + .003  + .003 

+ .003  = .015 

Specification  is  .009  + .015,  therefore,  minimum  Y 
dimension  is  -.006,  the  maximum  Y dimension  is  + .024,  and  the  average 
dimension  is  + .009. 

Another  method  of  solution  is  to  find  the  minimum  dimension 
Y by  finding  the  maximum  material  limits  as  follows; 

Ymin  = 7.006  - (2.003  + 1.003  + 1.003  + 3.003 

= 7.006  - 7.012  = - .006 

The  maximum  dimension  Y is  determined  from  the  minimum 
material  limits  as  follows: 

= 7.012  - (1.997  + 0.997  + 0.997  + 2.997)  = + .024 

lUdA 

Tne  average  dimension  Y is  determined  as  follows: 

(1)  Total  tolerance  = - .006  to  + .024  = .030 

(2)  One-half  total  = .030/2  = .015 

(3)  Average  = - .006  + .015  = + .009  or  .024  - 


.015  = + .009 
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b.  Class  of  Fit, 

Since  the  minimum  clearance  is  minus  and  the  maximum 
clearance  is  positive,  this  is  a transition  fit. 

Statistical  Tolerancing 

Actual  Production  Distributions 

When  a part  is  actually  produced,  the  distribution  of  "lengths" 
in  many  cases  follows  a normal  distribution.  The  distribution  of  parts 
may,  therefore,  be  represented  as  shoun  in  Figure  7 and  Figure  8. 


Figure  7 
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Linear  Combinations  of  Random  Variables 


If  (a)  X^,  Xg,  ...  X^  are  independent  random  variables  having 

2 7 '* 

means  Pg,  ...  , and  variances  , respectively; 

A B 

(b)  a^  , ag  , . . . , a^  are  constants;  and  (c)  Y = a^X^  + agXg  + ... 

a X , then  Y is  a random  variable  and 
n n 

(1)  Py  = E(Y)  = E(a^X^  . agXg  . ...  . a^X^)  = 


and 


2 _ .2  2 ^ 2 ^ ^ 2 
(2)  Oy  - ECY-py)  = a^a^  + agOg  + ...  + 


If  X^,  Xg,  ...  , Xj^  are  normally  distributed  random  variables, 

2 

then  Y is  also  normally  distributed  with  a mean  py  and  variance  Oy  . 
Even  if  X^,  Xg,  ...  , X^^  are  not  normally  distributed,  the  distribution 
of  Y approaches  normality  as  n increases.  (Central  Limit  Theorem). 

Statistical  Interchangeability 

Refer  to  Figure  4 again  and  assume  that  the  process  producing 
parts  A,  B,  C and  D have  a mean  and  standard  deviation  as  follows; 


Py  ~ 3.000 

II 

D 

.002 

Py  = 2.000 
B 

= 

B 

.002 

‘^X^,  = 3.000 

'■'x  " 

.002 

Uy  - 2.000 

“^x  = 

.002 
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This  means  that  99.7':,  of  the  parts  produced  will  be  within 
li  + 3ct.  In  other  words  99.7?  of  parts  A produced  will  have  a length 
dimension  of  3.000  + .OOh. 

When  the  parts  are  assembled  as  shown  in  Figure  4,  the  length 
dimension  Y of  the  "assemblies"  can  be  calculated  as  follows: 

or  Y = X, 

= 10,000 

distribution  of  the 

+ (.002)^ 


The  distribution  of  the  lengths  of  asseni)lies,  Y,  therefore 

7 

has  the  parameters  Uy  = 10.000  and  Oy"  = .000016  (or  Oy  = .004). 

Therefore,  99,7?  of  the  "assemblies"  will  be  between 
Uv  ± = Id-000  ± .012  or  between  9.988  and  10.012. 

Note  that  linder  the  system  of  additive  tolerancing  (p.  12), 
a specification  of  10.000  ± ,024  would  be  specified  if  it  were 
required  that  100°  of  the  "assemblies"  meet  the  specifications.  Ry 




Y = 3.000  + 2.000  + 3.000  + 2.000 

and  the  variance  and  standard  deviation  of  the 

"assemblies"  is  calculated  as  follows: 

2 2 a 2 o 2 o 2 

^Y  X X X 

' B X D 


ay^  = (.002)^  + (.002)^  + (.002)' 


Since  = Oy  ” ” °y 

■ A B 'X 


Ihen  Oy'"  = 40^“  = 4 (.002)“  = .000016 
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applying  the  concept  of  statistical  tolerancing,  the  overall  assenfcly 
specification  can  be  greatly  reduced. 

A more  practical  application  of  statistical  tolerancing 
would  be  one  of  the  following: 

(1)  Assume  that  if  99.71  of  the  assemblies  meet  the 
specification,  then  this  is  an  acceptable  condition.  Specify  the 
"assembly"  tolerance  required  (quality  of  design)  and  determine  vdiat 
the  individual  part  tolerances  would  have  to  be  to  meet  the  assembly 
design  criteria.  An  additional  assunption  would  have  to  be  made 
that  99.7%  of  the  individvial  parts  will  meet  these  individual  part 
tolerances.  This  is  equivalent  to  saying  that  the  "process 
capability"  of  + 3o  or  6a  of  the  process  distribution  will  equal  the 
individual  part  tolerance. 

Exanple 

Refer  to  Figure  4 on  p.  11.  Assume  that  99.7%  of  the 
assenfclies  must  lie  between  10.000  ± .024.  Further  assume  that  the 
tolerances  to  be  calculated  for  X^,  Xg,  X^  and  Xg  will  equal  exactly 
of  the  process  producing  these  parts,  and  that  this  tolerance  will 
be  equal  for  all  four  parts.  The  problem  then  is  to  find  the 
individual  part  tolerances,  given  an  "assembly"  tolerance  of 
10.000  + .024  using  the  statistical  tolerancing  technique. 

2-  2^  2^  2^  2 

^A 

2 2 2 , 

hut  Oy  = o “ Oy  = Oy  2 

^A  h T 

Therefore  Oy^  = 
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60y  = , 

.048 

or 

30^  = . 

.024 

therefore 

Q 

11 

.008 

and 

Q 

II 

.000064 

^ 2 
4ox  = 

2 

Gy 

4ox^  = 

.000064 

2 

°X  = 

.000016 

.004 

The  individual  part  tolerances  = i 3o^  = + .012  . 


Compare  this  with  the  ± .006  tolerances  obtained  under  the 
additive  tolerancing  technique  (pages  11  and  12).  Note  that  by  using 
the  statistical  tolerancing  technique  and  accepting  that  approximate!; 
99.7%,  rather  than  100%,  of  the  assemblies  will  meet  the  assembly 
specification,  the  individual  part  tolerance  can  be  increased  from 
± .006  to  ± .012  . 

In  general,  as  the  tolerances  get  larger,  the  cost  of  produc- 
ing the  item  decreases.  The  use  of  statistical  tolerancing  tech- 
niques can,  therefore,  result  in  decreased  costs  while  still  meeting 
the  overall  specification  requirements. 


(2) 


Suppose  that  Parts  A,  B,  C,  and  D of  Figure  4 are 


being  produced  to  the  tolerances  indicated  on  p.  11.  Further  assume 
that  the  process  producing  these  parts,  produces  them  with  the  mean 
length  indicated  as  the  design  size  (.3.000,  2.000,  etc.),  that 


r 


the  distribution  of  lengths  is  Normal,  and  that  3a^  of  the  distribu- 
tion equals  .006  or  6a^  equals  .012.  In  other  words,  99.7%  of  the 
individual  parts  will  meet  the  specified  tolerances.  Suppose  that 
the  assembly  specification  is  9.996  to  10.008.  What  percentage  of 
"assemblies"  will  meet  the  assembly  specification? 


Y = . Xb  = Xc  ^ Xd 


Y = 3.000  + 2.000  + 3.000  + 2.000 


Y = 10.000 


6a^  = .012 


= .002 


2 2^  2^  2 
^ " '^Xg  * <^X^  ^ <^Xp 

^ = Oy  ^ = Oy  ^ = Oy  ^ = (.002)^ 

Aa  Ap  Ag  A 

2 . 2 
= 4(.002)^ 


Oy  = .000016 

a = .004 
Y 


r 


Y = 10.000 


Oy  = .004 


^ 

9.988  9.992  9.996  10.000  10.004  10.008  10.012 


-3  -2  -1 


0 +1  +2  +3  Z 


Figure  9 

Distribution  of  Assemblies 


Figure  9 shows  the  distribution  of  lengths  of  "assemblies." 
To  determine  what  percentage  of  assemblies  meets  the  specification, 
this  specification  must  be  superimjiosed  on  this  distribution  and  the 
percentage  obtained  from  a nomvil  probability  table. 

Ihc  percentage  of  parts  not  meeting  the  lower  specification 


is  as  follows: 


Y - Y 


9.996  - 10.000 


= - 1.000 


For  Z = -1.000,  the  area  in  the  tail  of  a normal  curve  is 


.1587  or  15.87°5. 


The  percentage  of  parts  not  meeting  the  upper  specification 


is  as  follows: 


r 


23 


Z = 


Y - Y 


7 _ 10.008  - 10.000  7 nnn 

^ njD? ■ 


For  Z = 2.000,  the  percentage  in  the  tail  of  the  curve  is 
.0228  or  2.28%.  TTie  total  percentage  of  parts  meeting  the  specifica- 
tion is,  therefore,  1.00  - (15.87  + 2.28)%  = 81.85%. 
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PROBLH^  SET  NO.  1 


1.  A manufacturer  has  received  a contract  to  manufacture  parts  as 


shown  below: 


Part  A must  have  a mean  exterior  dimension  of  5 inches. 

Part  B must  have  a mean  interior  dimension  of  5.03  inches. 

The  maximum  clearance  allowed  (Y)  is  .04414  inches  and  the 
minimum  clearance  allowed  (Y)  is  .01586  inches. 

The  manufacturer  has  a piece  of  equipment  that  can  manufacture 
both  Parts  A and  B and  the  "natural  tolerance"  of  this  piece  of  equip- 
ment is  .06  (i.e.,  6o  = .061.  What  percentage  of  the  parts  produced 
will  meet  the  specifications? 


2.  The  following  parts  (A,  B,  and  C)  are  being  produced  to  the 


tolerances  shown. 


2.000  - 

+ .005 


V 2.000 

+ .005 


3.000 
+ .005 


— Y = ? 
+ = ? 


a.  If  we  insist  on  lOO-^  of  the  assembled  parts  meeting  the 
specification,  what  tolerance  should  we  sot  for  the  assembled  part 
(A,  B,  and  C)? 

h.  Assume  that  the  "natural  tolerance"  li.e.,  6o)  of  the  process 
(machine)  producing  parts  A,  B,  and  C is  equiil  to  the  total  tolerance 
specified. 
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If  we  require  that  99.7%  of  the  parts  fit  the  assembly  spec, 
what  tolerance  should  we  set  for  the  assembled  part  (A,  B,  and  C)? 


3.  Parts  A,  B,  C,  and  D are  being  manufactured  to  the  tolerances 
shown  below  (assume  that  the  distribution  of  each  component  produced 
is  normal,  with  the  total  tolerance  = 6a).  The  minimum  clearance 
(shown  as  Y on  the  drawing)  is  specified  to  be  .002  inch  and  the 
maximum  clearance  is  specified  to  be  .014  inch. 

a.  What  percent  of  the  "assemblies"  produced  will  have  a "Y” 
fit  that  is  too  loose? 

b.  What  percent  will  have  a "Y"  fit  that  is  too  tight? 

K-3.00  ± 0.06 -H  1.00  + 0.06  H-3.00  + 0.06  -J 


w 
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4.  Refer  to  Figure  6 on  p.  14.  Disregard  the  tolerances  indicated 
in  the  example  problem.  The  machine  producing  parts  A,  B,  C,  D, 
and  E has  a capability  of  producing  parts  with  a total  tolerance  of 
0.00537  (i.e.,  the  process  capability  of  6o^  = .00537)  for  each  part 
or  component. 

Using  statistical  tolerancing,  answer  the  following: 

a.  IVhat  will  be  the  minimum  and  maximum  clearance  for  99.7% 
of  the  assemblies  (to  3 decimal  places)? 

b.  Suppose  that  only  assemblies  with  a Y dimension  of  .007  to 
.011  arc  acceptable.  Wliat  percentage  of  the  assemblies  are  acceptabl 
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ni\i>TF;R  3 
PROCESS  CAPABILITi' 


Process 

A "process”  can  be  defined  in  several  ways,  two  of  wiiich  are 
as  follows:  (a)  a systematic  series  of  actions  directed  to  some  end, 

or  (b)  a continuous  action,  operation,  or  series  of  changes  taking 
place  in  a definite  manner  (Eiamhart,  1970). 

Some  examples  of  a process  are:  (a)  the  manufacture  of  a 

part,  Cb)  the  assembly  of  several  piarts,  (c)  typing  a page,  (d)  pre- 
paring a supply  requisition,  (e)  calibrating  a piece  of  equipment, 

(f)  keypunching  a data  processing  card,  and  (g)  repairing/maintaining 
a piece  of  equipment. 

All  of  these  processes  can  result  in  variation  from  the 
"standard."  A part  designed  to  be  10.000"  may  be  10.001".  A supply 
requisition,  data  processing  card,  typewritten  page,  etc.  may  have 
one  or  more  errors. 

In  quality  control,  we  attempt  to  separate  the  variation  that 
occurs  in  processes  into  two  types,  llie  first  type  is  random  varia- 
tion. Random  variation  is  also  called  "non -significant"  variation, 
or  variation  that  results  from  "non-assignable"  causes.  This  type  of 
variation  occurs  "at  random"  due  to  the  inherent  nature  of  the  process 
and  cannot  be  controlled.  The  other  type  of  variation  is  due  to 
"assignable"  causes.  It  is  called  "assignable",  "non-random". 


"findable",  or  "significant". 
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When  a process  has  only  random  variation  present,  it  is  said 
to  be  "in  control."  It  is  performing  at  the  highest  level  of  which 
it  is  capable.  V^en  a process  has  other  than  random  variation 
present,  it  is  said  to  have  variation  due  to  one  or  more  "assignable 
causes"  and  is  said  to  be  "out  of  control." 

The  remainder  of  this  chapter  will  be  concerned  with  determ- 
ining the  "process  capability"- -the  amount  of  variation  that  will 
occur  in  a process  due  to  random  or  "unassignable"  or  "uncontrollable" 
causes.  The  remaining  chapters  in  this  handout  will  be  concerned 
with  setting  up  a control  system  (statistical  quality  control  charts) 
to  monitor  the  process  to  detect  when  it  is  "out  of  control." 


In  discussing  process  capability  and,  later,  statistical 
control  charts,  we  will  be  concerned  with  two  types  of  data.  The 
first  type  will  be  called  variables  or  measurements.  This  type  of 
data  applies  to  such  items  as  "measuring"  (a)  the  length  or  diameter 
of  a part  (e.g.,  10.000"),  (b)  the  resistance  of  a coil  (e.g.,  8 ohms), 
(c)  the  pressure  in  a tank  (e.g.,  352  psi),  (d)  the  weight  of  an  item 
(e.g.,  600  lbs),  etc.  The  second  type  of  data  is  called  "attributes" 
and  involves  a "counting"  process.  Examples  of  this  type  of  data 
are:  (a)  defectives  p>er  lot,  (b)  defects  (errors)  per  page,  (c)  defects 

(errors)  per  supply  requisition,  etc. 

The  first  requirement  in  determining  the  process  capability  is 
to  insure  that  the  process  is  "in  control"  when  the  data  is  collected. 
This  means  tiiat  special  care  should  be  taken  to  insure  that  all 
"assignable"  causes  of  variation  have  been  removed.  For  example,  this 
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might  imply  that  the  machine  is  maintained  and  calibrated  prope-^ly  and 
that  it  was  being  operated  by  a fully  Trained  operator. 

Process  Capability  - Variables  or  Measurements 

To  determine  the  process  capability  of  this  type  of  process  is 
to  determine  the  distribution  of  "measurements”  produced  by  the  process 
when  the  process  is  "in  control,"  Normally,  this  distribution  will  not 
be  significantly  affected  by  the  mean  (u)  of  the  distribution,  there- 
fore, our  primary  concern  is  with  the  standard  deviation  of  the  dis- 
tribut ion. 

(a)  Known.  If  the  process  has  been  in  operation  for 

a very'  long  period  of  time  and  a large  number  of  data  elements  collected, 
it  may  be  considered  that  the  standard  deiation  of  the  process  is 
known,  therefore,  the  process  capability  is  considered  known  aid  sta- 
tistical control  charts  can  be  based  on  the  known  population  standard 
deviation.  In  this  case 


and 


_ 2 _ 
'"x  “ 


!7^a-vr 


where  : X = a measurement 

M = the  population  mean 

N = the  number  of  elements  in  the  population 
The  process  capability  is  usually  defined  as  6o^.  In  other 
words,  if  the  distribution  is  normal,  almost  all  of  the  variation 
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(99.7%)  will  fall  within  y ± 3a^.  Therefore,  the  "process  is 
capable"  of  producing  (with  only  random  variation)  in  a 6o^  range. 

(b)  Unknown  but  Estimated  from  a Sample  Standard 

Deviation.  If  the  population  standard  deviation  is  unknown,  it  can 

be  estimated  from  a sample  taken  from  the  population.  The  unbiased 
■'2  2 

estimate  (a^  ) of  the  population  variance  (a^  ) is  calculated  as  follows 

a l^"i  - 
X HT 

and  the  standard  deviation  is: 


n 


r^2 


S(X.  - X) 
1 


n - 1 


Normally,  we  would  pool  all  of  the  observations  and  compute 
0^  with  n equal  to  the  total  number  of  observations  (i.e.,  estimate 
^x  from  one  sample  of  size  n,  where  n is  the  total  number  of  observa- 
tions. If,  however,  the  process  average  shifts  during  the  time  the 
samples  are  being  taken,  will  be  inflated  due  to  the  change  in 
mean  and  not  be  a good  estimate  of  o^.  To  overcome  this  difficulty, 
we  normally  take  a number  of  samples  of  size  n (where  n is  now  a much 
smaller  number)  ,ind  compute  0^  from  the  standard  deviation  computed 
from  each  sample  (o^) . If  we  collect  k samples  of  size  n :uid  compute 
Ojj  for  each  sanple,  then  the  average  estimate  is 


k 


It  has  l)ecii  showi  that 
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or  t I — ;:—  1 = where  values  of  ^2  for  different 
sample  sizes  (n)  are  tabulated  in  Appendix  1.  In  other  words,  an 
unbiased  estimate  of  oy  is  given  b)-  — ^ — , therefore,  we  can  estimate 

A 

the  process  capability  by; 

(a)  Taking  k samples  of  size  n 

fb)  Computing  as  the  sterndard  deviation  from  each  sauplc 


"X 


(c)  Computing  as  the  average  standard  deviation 

(d)  Estimating  the  population  standard  deviation,  a-^  by 
where  c^  is  dependent  on  n.  We  will  now  call  this  new 
estimate  of  the  population  standard  deviation  , therefore. 


The  process  capability  is  now'  estimated  as  6a^.  If  the  distribution  is 
normal,  then  90.7b  of  the  measurements  will  fall  in  the  range  X + 3a^ 
where  X is  the  mean  of  the  sample  means, 

CAUTION:  Note  that  c-,  is  dependent  on  the  number  of  observ’^ations  in  each 

siimple  fn),  not  on  the  number  of  samples  (k). 

(c)  Unknown  but  Kst limited  from  the  Range.  If  the  popu- 
lation standard  deviation  is  unknovsn,  it  can  be  estimated  from  the 
range.  Since  an  extensive  amount  of  computational  effort  is  required 
to  estimate  from  the  sample  standard  deviation,  ^ is  frequently 
determined  using  the  range  from  k samples. 

The  average  range  (JT)  of  k samples  of  size  n can  be  computed 


k 

X R 


by 


r 


'SI 

t 


' It  can  be  shown  that  an  unbiased  estimate  of  the  population 

^ standard  deviation  can  be  obtained  by 

I 


where  values  of  d^  for  different  sample  sizes  (iij  are  tabulated  in 

a 

Appendix  1.  The  process  capability  is,  therefore,  6o^. 

CAUnON;  Note  that  is  dependent  on  the  number  of  observations  in 
each  sample  (n),  not  on  the  nuirher  of  samples  (k). 
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EXAMPLE 

1.  A manufacturing  process  consisted  of  winding  a wire  on  a coil. 

The  resistance  of  the  coil  was  determined  after  the  winding  was 
complete  aiid  a measurement  made  as  to  the  deviation  (over  or  under) 
(in  ohms)  from  the  required  standard.  Ten  samples  of  five  coils  each 
were  selected  at  random  from  the  line  when  the  process  was  "in 
control."  The  following  observations  were  taken: 


COIL  IN  SAMPLE 


Sample 

No. 

^2 

"^3 

^4 

^5 

1 

0 

+2.0 

+3.0 

-2.0 

-1.0 

2 

0 

+2.0 

0 

-4.0 

+ 1.0 

3 

-1.0 

+3.0 

+4.0 

-1.0 

0 

4 

+4.0 

+1.0 

-1.0 

+2.0 

+2.0 

5 

-2.0 

0 

0 

-2.0 

+ 1.0 

6 

+1.0 

-1.0 

0 

0 

-1.0 

*7 

0 

0 

-1 .0 

+1.0 

-1.0 

8 

-1.0 

+2.0 

-2.0 

+4.0 

0 

9 

-3.0 

-2.0 

-1.0 

-3.0 

+ 1.0 

10 

+5.0 

+ 1.0 

-2.0 

0 

-1.0 
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Determine  the  process  capability  by  (a)  estimating  from 
the  sample  standard  deviations,  and  (b)  estimating  cr^  from  the  sample 


ranges . 


(a)  n = 5 


k = 10 


Sample  No. 


18.32 

lO 


1.832 


a,,  = -4^ 


18.32 

.8407 


= 2.179 


•4n  estimate  of  the  process  capability  = 6a^  = 6(1.9483)  = 11,690 

The  best  estintite  of  u is  X (the  mean  of  the  sample  means), 
therefore,  for  this  problem  an  estimate  of  the  process  capability  for 
this  machine  or  process  setting  is 


X + 3o^  = .14  ± 3(2.179) 
= .14  + 5.845 


(The  actual  mean  and  standard  deviation  from  which  this 
sample  was  drawn  are  as  follows:  u = 0.00  ; = 1.715) 
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(b)  n = 5 


Sample  No.  R 


1 5 

2 ' 6 

3 5 

4 5 

5 3 


k 

Z R 


k 


45 

10 


= 4.5 


k = 10 


Sample  No.  R 


6 2 

7 2 

8 6 

9 4 

10  7 


S - R - 4.5 

"x  ■ "3^  “ rrm 


1.9346 


An  estimate  of  the  process  capability  = 6(1.9346)  = 11.601. 


Again,  an  estimate  of  the  process  capability  for  this  machine 
or  process  setting  is: 

f + 3oj^  = .14  ± 3 (1.9346)  = .14  ± 5.809 

Process  Capability  - Attributes 

(a)  Fraction  Defective.  Many  quality  characteristics  cannot 
be  measured  and  expressed  in  numbers,  but  can  only  be  classified  as 
defective  or  non-defective.  Sometimes  we  may  want  to  classify  the 
quality  chjiracteristic  in  this  manner  even  though  it  can  be  measured. 
We  may,  for  example,  decide  that  if  the  resistance  of  a coil  falls 
between  8 and  10  ohms,  we  will  classify  it  as  good,  and  if  it  does 
not,  we  will  classify  it  as  defective.  Then,  rather  than  measure  the 
number  of  ohms  resistance,  we  simply  determine  if  it  is  between  8 and 
10  ohms. 


T 
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When  an  item  can  be  classified  into  only  two  categories 
li.e.,  when  there  are  only  two  possible  outcomes)  we  have  a Bemouli 
process.  If  we  have  a population  of  items  and  a certain  proportion 
of  them  are  defective  and  a certain  proportion  arc  not,  the  propor- 
tion is  called  a parameter  of  the  population- -in  this  case,, the 
fraction  defective(n) . (Review  statistics  course  material). 

Later  we  will  be  concerned  with  taking  samples  of  size  n 
from  populations  such  as  this  in  order  to  estimate  the  population 
parameter  (IT)  by  the  proportion  of  items  in  the  sample  that  possess 
the  characteristic  of  interest  (e.g.,  are  defective). 

The  number  of  items  in  a sample  size  n that  possess  the 
characteristic  of  interest  (e.g.,  are  defective)  follows  a binomial 
distribution.  For  large  values  of  n,  the  binomial  distribution  can 
be  approximated  by  the  normal  distribution.  In  quality  control  we 
are  concerned  primarily  with  control  charts  based  on  the  normal 
approximation  to  the  binomial,  'fhe  first  question  that  the  student 
usually  asks  the  instructor  is,  "How  large  an  n is  large  enough?" 

The  an.swer  is,  "It  depends  on  p."  The  student  usually  replies,  "But 
I don't  know  what  p is  (you  duimy),  that's  why  I'm  taking  the  sample  - 
to  estitmite  p." 

A sample  size  of  n = .30  is  usually  sufficient,  however,  a 
better  rule  appears  to  be  that  n should  be  large  enough  such  that 
np  i 5 ancl  n(l-p)  >.  5.  If,  after  taking  a sample  of  15  or  20,  the 
above  rules  are  not  met  (based  on  "p"  estimated  from  the  sample  of 
15  or  20),  then  the  sample  size  should  be  increased.  The  student 
should  review  the  nuiterial  on  Bemouli  processes,  binomial 
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distribution,  and  the  normal  approximation  to  the  binomial  taught  in 
the  two  statistics  courses.  See  example  problem  on  page  39. 

In  summary,  the  process  should  first  be  brought  into  control, 
i.e.,  special  precautions  taken  to  eliminate  all  assignable  causes  of 
variation,  then  a san^Jle  of  sufficient  size  should  be  taken  and  the 
percentage  of  defective  items  in  the  sanple  determined  in  order  to 
estimate  the  percentage  of  defective  items  in  the  population.  This 
estimate  (p)  of  the  population  parameter  (n)  is  then  used  to  set  up 
statistical  quality  control  charts  to  be  described  in  a later  chapter. 

Cb)  Defects  Per  Unit.  Sometimes  we  may  not  be  interested 
in  classifying  an  item  as  "good"  or  "defective",  but  rather  we  may 
be  interested  in  determining  the  number  of  "defects  per  unit."  For 
example,  we  may  be  interested  in  the  number  of  defects  per  100  feet 
of  wire,  the 'number  of  errors  per  supply  requisition,  the  number  of 
errors  per  typewritten  page,  the  number  of  defects  per  square  meter 
of  material,  etc.  When  classified  in  this  manner,  the  number  of 
defects  per  unit  follows  a Poisson  distribution  vdiere  the  expected 
number  of  defects  E(r)  = A.  In  quality  control,  we  take  samples  of 
individual  units  (i.e.,  one  unit  constitutes  a sample)  and  label  the 
number  of  defects  in  each  sample  Cj^  where  c = the  number  of  defects 
in  the  k^*'  sample  (unit).  An  estimate  of  A is,  therefore,  c,  the 
average  number  of  defects  per  unit.  The  student  should  review  the 
material  on  the  Poisson  distribution  taught  in  the  statistics  courses. 

In  setting  up  statistical  quality  control  charts,  the  control 
limits  are  based  on  the  value  of  c obtained  from  sampling  units  from 
the  process. 


r 


Again,  it  is  necessary  to  insure  that  the  process  is  "in 
control"  when  taking  the  samples.  See  example  problem  on  page  41. 


Process  Capability  and  Technical  Spec ii'icat ions.  In  the  chapter  on 
statistical  tolerancing  we  "assumed"  that  the  tolerance  was  exactly 
equal  to  the  process  capability  or  6a^.  In  practice,  however,  the 
process  capability  may  not  be  matched  exactly  to  the  tolerances 
specified.  Suppose,  for  example,  that  a specification  called  for  the 
length  (X^)  of  a part  (A)  to  be  10.000  + .003.  Further,  suppose  that 
the  only  machine  available  to  produce  the  part  was  one  that  had  a 
process  capability  of  10.000  ± .006,  i.e.,  = .002.  If  this  proces;. 

is  used,  the  percentage  of  parts  produced  that  do  not  meet  the  specifi 
cation  is  determined  as  follows: 


9.994  9.998  10.002  10.006  ^ 


-.3  -2  -10+1  +2  +3  Z 


FIGURE  10 


V . A ■ ^ 10.003  - 10.000  , „ 

= 1 . -I 
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Percentage  of  "good"  parts  = .866  or  86.6%  of  the  parts  will 
meet  the  specification  and  13.4%  will  not.  If  this  percentage  of 
defective  parts  is  too  high  to  be  acceptable,  there  are  two  alterna- 
tives . 

(1)  The  parts  can  be  produced  using  this  process  and  the 
parts  can  be  100%  inspected  and  "operationally  sorted."  Operational 
sorting  is  a planned  manufacturing  operation  when  a decision  has  been 
made  to  produce  an  item  with  a process  that  is  not  capable  of  meeting 
the  specification  with  an  acceptable  percentage  acceptance  (or  per- 
centage defective). 

(2)  The  parts  can  be  produced  by  another  process  (or 
machine)  that  is  capable  of  producing  an  acceptable  percentage  of 
parts  within  the  specification.  Such  a process  might  have  a distribu- 
tion of  part  lengths  similar  to  one  of  the  distributions  shown  below. 


; Operational  Sorting  vs  a Different  Process.  The  decision  as  to  whether 

■ to  operationally  sort  or  use  a different  process  is  largely  an  economic 

^ : one.  Costs  are  increased  when  the  parts  must  be  100%  inspected  and 

i defective  parts  scrapped  or  reworked.  Costs  are  also  increased  when 

i ; 


t 


1 
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the  process  capability  is  made  "tighter."  Again,  in  general,  as  the 
specifications  are  made  tighter,  the  costs  of  producing  the  item  are 
increased . 

Example  Problem- -Fraction  Defective 

One  of  the  ALC's  was  collecting  data  on  the  number  of  defective  engine 
- sub -assemblies  overhauled  in  order  to  construct  an  appropriate  control 
chart.  Every'  effort  was  made  to  insure  that  the  process  was  in  con- 
trol. You  were  presented  with  the  following  sample  data: 


Sample  Size  .SO 

Sample  A'o. 

1 

2 

3 

4 

5 
b 

7 

8 
p 

10 


Number  of  Defective  Sub-assemblie'' 
in  the  Sample 

5 

3 

7 

5 

8 

6 
5 
8 

10 

3 


a.  Miat  tv'|)c  of  s;impling  distribution  does  this  represent? 

Since  this  is  a Bemoul  i process  (the  sub-assembly  is  "good" 

or  it  is  "defective"),  wc  have  a binomial  distribution. 

b.  hh.it  is  the  parameter  of  this  distribution  and  what  is  vour 


{ 

J 


best  estimate  of  the  value  of  this  parameter? 
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The  parameter  is  n (the  fraction  defective)  and  our  best 
estimate  is  p which  can  be  calculated  as  follows: 


Pi 

= 

5/50 

— 

.10 

Pz 

= 

3/50 

= 

.06 

P3 

= 

7/50 

= 

.14 

P4 

= 

5/50 

= 

.10 

P5 

= 

8/50 

= 

.16 

Pb 

= 

6/50 

= 

.12 

P7 

= 

5/50 

= 

.10 

P8 

= 

8/50 

= 

.16 

Pg 

= 

10/50 

= 

.20 

PlO 

= 

3/50 

= 

.06 

10 

? Pk 

= 

1.20 

10 

iPk  1.20 

TT~  "TfT 


5-*-3-*-7-t-5-*-8-t-6-»-5-t-8-i-10-*-3 

500 


t 
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hxample  Problem 

--Defects  Per  Unit 

Base  Supply  was 

concerned  with  the  number  of  errors  being  made  on  supply 

requisitions.  A concerted  effort  was  made  to  insure  that  all  "assignable 

causes"  for  errors  had  been  removed.  A random  saiiple  of  twenty  requisi- 

t 

tions  was  collected  vdiile  the  process  was  "in  control."  The  following 

data  were  obtained  for  the  sample. 

Number  of  Errors  in 

Sample  Requisition  (k)  Requisition  (cj^) 

1 

0 

2 

1 

3 

3 

4 

2 

5 

5 

6 

0 

7 

3 

8 

2 

9 

1 

10 

0 

11 

0 

' 

12 

4 

1 

13 

6 

i 

J 

14 

0 

4 

\ 

15 

3 

16 

1 

- 

17 

2 

18 

1 

i > 

V* 

19 

0 

•r. 

’ 1 

■■  f 

20 

1 

k 

Z c,  = 35 
1 

!i  \ 

ll^t  

id 

r 


i 


E 


i 


I 
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a.  What  type  of  distribution  characterizes  this  process? 

Since  we  are  concerned  with  defects  per  unit  where  the  unit  is 
a requisition  and  the  defects  are  errors  in  the  requisition,  the  dis- 
tribution is  Poisson. 

b.  What  is  the  parameter  of  this  distribution  and  what  is  your  best 
estimate  of  the  value  of  this  parameter  based  on  the  sanf)le  data? 

The  parameter  is  X (the  mean  number  of  errors  per  requisition) 
and  our  best  estimate  of  X is  c,  the  value  of  vdiich  is  calculated  as 
follows: 
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PROBLEM  SET  NO.  2 


1.  You  have  collected  the  sample  data  on  resistances  shown  in  the  tabic 
on  page  32  and  have  computed  the  "process  capability"  using  the  sample 
standard  deviations  sho\\Ti  on  page  33.  The  specification  calls  for 

the  resistances  to  be  within  a range  of  0 ± 2.5  ohms.  Based  on  the 
process  capability  computed  from  the  sample,  what  percentage  of  parts 
will  meet  the  specification? 

2.  Refer  again  to  the  sample  data  on  resistances.  Using  the  estimate 
of  the  process  capability  computed  from  the  sample  ranges , what  per- 
centage of  parts  will  meet  a specification  of  parts  of  0 + 3.0  ohms? 

3.  A process  producing  a certain  submarine  engine  part  was  monitored 
closely  to  insure  that  the  process  was  in  control.  The  following  data 
were  taken  from  samples  of  the  process  when  it  was  in  control . (All 
data  in  inches) 


1 


Sample 

3 


Observation 


1 

2 

3 

4 


1.5012 
1.5130 
1.4916 
1 . 5066 


1.5034  1.5042  1.5061  1.5038 


X 

R 


1 . 50.50 
.0189 


1.5052 

.0202 


1 .5043 
.0193 


1.4994 

.0232 


a.  r.ompute  X and  R for  sample  No.  1. 

b.  Ivhat  is  your  "best  est invite"  of  the  mean  of  the  process? 
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c.  What  is  your  "best  estimate"  of  the  standard  deviation  of  the 
process . 

d.  What  is  your  estimate  of  the  process  capability  (upper  and 
lower  limit)  for  this  machine  setting? 

e.  If  tlie  product  specification  required  the  part  to  be  manufac- 
tured to  a specification  of  1.501  ± .01  inches,  what  percentage  of 
parts  would  meet  the  specification? 

4.  The  Air  Force  does  not  use  "verifiers"  on  its  key  punch  operations; 
therefore,  errors  can  be  expected  to  occur  in  these  operations.  You 
have  a highly  motivated,  well  trained  set  of  operators  who  appear  to 
be  making  the  minimum  number  of  errors  possible  when  key  punching  sup- 
ply requisitions.  Over  a period  of  several  days,  you  take  5 samples  of 
100  requisitions  per  stimple  and  check  them  thoroughly  for  errors. 

SAMPLli  NO.  NUMBER  OF  INCORRECT  REQUISITIONS  IN  SAMPLE 

1 9 

2 6 

3 7 

4 10 

5 8 

Answer  the  following: 

a.  According  to  the  data  given  above,  when  an  inspectoi  examines 

a requisition  it  can  be  classified  in  of possible  ways. 

When  an  item  can  only  be  classified  in  of  [xissiblc  ways 

(and  meets  several  other  requirements),  it  is  said  to  be  a 
process.  When  we  have  a ntmber  of  processes,  their 


outcomes  form  a 


distribution.  The  parameter  of 
and  is  estimated  by 


tiiis  distribut  ion  is 

For  the  problem  above,  our  best  estimate  of  , based  on 

the  sample  data,  is  • 

5.  The  following  data  was  collected  on  a process  producing  aircraft 
wing  sections.  The  process  is  assumed  to  be  in  control.  A defect  is 
considered  to  be  a rivet  missing  from  the  wing. 

Wing  No. 

1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

The  frequency  of  the  variable  "missing  rivets  per  wing"  is  probably 

characterized  by  a distribution  with  the  parameter 

. Oiir  best  estimate  of  the  pamimeter 

is  which  takes  on  the  value  for  the 


sample  data  in  this  problem. 
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6.  An  ALC  overhaul  facility  repaired  a certain  aircraft  component  and 
then  tested  the  electrical  resistance  of  the  component  with  a multi- 
meter. The  Director  of  Quality  Control  decided  to  set  up  appropriate 
control  charts  for  the  components  based  on  the  electrical  resistance 
readings.  Every  effort  was  made  to  insure  that  the  process  was  in  con- 
trol and  samples  of  3 components  per  sample  were  collected  and  measured 
as  follows: 

NOTE:  The  multimeter  readings  are  in  hundredths  of  an  ohm. 


SAMPLE 

NIWBER 

CCMPONENT 

CCMPONENT 

Cd-IPONENT 

AVTJIACE 

R.\NGE 

1 

32 

30 

30 

2 

2 

37 

18 

37 

31 

3 

50 

35 

36 

40 

15 

4 

57 

24 

75 

51 

5 

49 

6 

24 

26 

6 

67 

25 

25 

39 

42 

7 

52 

56 

53 

54 

4 

8 

18 

39 

47 

29 

9 

40 

51 

51 

47 

11 

10 

31 

61 

28 

40 

a.  Estimate  the  process  capability  using  the  sample  standard 
deviations. 

b.  Estimate  the  process  capability  using  the  sample  ranges. 

c.  If  the  technical  specifications  required  the  components  to  have 
a resistance  of  40  ^ 10  hundredths  of  an  ohm,  what  percentage  of  the 
components  will  meet  the  specification? 
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CHAITER  4 

PR0C1-:SS  CONTROL:  BACKGROUND  FOR  CONTROL  CHARTS 

Up  to  this  point  we  have  been  primarily  concerned  with 
establishing  tolerances  and  determining  the  process  capability.  After 
the  process  capability  has  been  detemined,  the  problem  becomes  one 
of  monitoring  the  process  to  insure  that  it  stays  "in  control".  We 
ran,  of  course,  inspect  every  item  (part,  requisition  etc.)  for  defects, 
but  the  costs  associated  with  100?;  inspection  are  most  often  pro- 
hibitive. Even  100?.  inspection  does  not  guarantee  that  all  defec- 
tive items  will  be  found. 

Since  the  cost  of  1001  inspection  is  often  prohibitive,  a 
decision  is  most  often  made  to  "sample"  the  process.  From  the  sample 
information,  an  inference  is  made  about  the  "state"  of  the  process. 

Since  it  is  a sample,  the  conclusion  reached  about  the  state  of  the 
process  may  be  in  error.  In  other  words,  we  take  a sample  and  test  a 
hyj)Othesis  about  the  true  state  of  the  process  using  sample  informa- 
tion. Based  on  the  statistical  test  of  the  hypothesis,  we  reach  some 
conclusion  about  the  state  of  the  process. 

For  example,  wc  would  h>pothesize  that  the  process  producing 
part  A in  Figure  7 (p.  16)  was  centered  at  (had  as  the  mean  of  its 
distribution)  .3.000.  CXir  null  hvpothesis  would  then  be: 

il  : vj  = 3.000 

O 0 

and  the  alten'iate  hypothesis  would  be  that  the  process  was  not  centered 
at  3.000  or  ■ w j 


^ 3.000 


r 
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We  would  take  a sample  of  parts,  measure  their  length,  and 
test  the  hypothesis. 

In  reaching  a conclusion  based  on  the  test  we  can  make  two 
types  of  errors. 

A type  I error  is  the  error  made  when  we  reject  the  null 
hypothesis  when  the  null  hypothesis  is  true.  In  other  words  we 
conclude  that  the  process  is  "out  of  control"  when,  in  fact,  the 
process  is  "in  control".  We  designate  the  probability  of  making  this 
type  of  error  as  a. 

A type  II  error  is  the  error  made  when  we  do  not  reject  the 
null  hypothesis  when,  in  fact,  the  null  hypothesis  is  not  true.  In 
other  words  we  conclude  that  the  process  is  "in  control"  when,  in  fact, 
it  is  not.  We  designate  the  probability  of  making  this  type  of  error 
as  6. 

We  can  control  the  type  T error  simply  by  setting  the 
level  that  wc  desire  and  establishing  the  rejection/acceptance  regions 
accordingly.  The  6 error  however,  is  dependent  on  the  following: 

(3)  a 

(h)  sample  size,  n 

(c)  actual  process  mean,ij 

In  order  to  assess  the  B error  we  have  to  estalilish 
and  formulate  the  alternate  hypothesis  for  a specific  value  of 

The  B error  as  a changes-Holding  n and  constant 

To  illustrate  the  changes  in  the  B error  by  varying  a ^nd 
holding  n and  Hj  constant,  wc  refer  to  the  process  producing  Part  A 

_ _ Ji 
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In  order  to  determine  the  6 error,  we  have  to  find  out  what 

percentage  of  the  distribution  of  the  alternate  hypothesis  lies  in  the 

acceptance  region  of  the  null  hypothesis.  In  other  words,  if  the 

process  is,  in  fact,  centered  at  the  value  stated  in  the  alternate 

hypothesis,  what  percentage  of  this  distribution  lies  in  the  acceptance 

region  of  the  null  hy{X3thesis  such  that  we  will  conclude  that  the  null 

hypothesis  is  true  when  in  fact  it  is  not?  For  case  (a)  above,  we 

find  the  S error  as  follows; 

Find  the  value  separating  the  acceptance/ reject ion 

region  using  the  a value,  n,  oy  ;uid  the  value  of  under  the  null 

Aa  u 

hypothesis. 


X crit  - 


Z = 


For  a = .006  Z = 2.5 


For  Oy  = .002  and  n = 1,  oy  = = .002 

■'a  ~fT 


Under  = 3.000 

Iherefore,  2.5  = ^ crit  - 3.000 

jm 

X critical  = 3.000  + 2.5  (.002) 
X critical  = 3.005 


Wo  have  now  established  that  X critical  = 3.005.  Now  the 
problem  is  to  find  the  8 error  using  the  X critical  just  determined 
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and  the  ,j,  and  the  oy  under  the  alternate  hypothesis. 

• A , 


X crit  - II j 


3.005  - 3.008 

.002 


-.003 

.002 


-1.5 


6 = .0668  or  6.68° 

For  case  (b)  above,  we  find  3 as  follows: 

X critical  will  not  change,  therefore,  X critical  = 3.005 
_ _ 3.005  - 3.010  _ .005  _ ^ ^ 

^ re's!  TW 

6 = .006  or  0.6°o 


Note  that  as  the  value  of  under  the  alternate  hypothesis  moves 
further  from  under  the  null  h>’pothesis,  tiie  value  of  3 decreases. 

Ihc  6 Frror  as  c<-  (Changes  - Holding  n and  Constant 

Again,  we  refer  to  the  process  producing  Part  A in 
• F-vgure  7 on  page  16  and  formulate  the  following  hypotheses: 

(a)  = 3.000 

llj  : = 3.008 

a = .006  oy  = .002 

■'a 


2.5 


n = 1 


3.00256 


For  case  (a),  3 remains  0.68% 

For  case  (hi,  3 is  found  as  follows 


3.00256 


B = .00326  or  0.326 


Holding  a and  Constant 


The  3 F.rror  as  n Changes 


Again,  referring  to  the  process  producing  Part  A in  Figure  7 
, we  are  concerned  now  with  the  effect  of  changing  n while 
and  H,  constant.  The  standard  deviation  of  a sampling  dis- 


tribution  (the  distribution  of  the  means  of  samples)  varies  with 
' n as  follows : 

°X 

t , 

As  a result,  if  we  sample  from  the  same  population  with 
different  values  of  n,  the  distribution  of  sample  means  will  vary 
as  shown  below. 
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Since  n has  changed,  X critical  has  changed  and  must  be  recalculated 
as  follows; 

I . - 

Z = crit  0 

For  a = .006,  Z = 2.5 
viq  = 3.000 


_ ^02 


^crit=  ‘^O  " 

= 3.000  + 2.5  (.001) 
= 3.0025 


The  6 error  is  now  calculated  as  follows: 

, 3.0025  - 3.008  _ ^ , 

^ " :ttoi " 

B error  = .0000000190  or  .00000190?, 

Therefore,  as  n increases,  6 decreases. 

Given  under  H^,  y^  under  Hj , and  a^,  we  can  then  find 
any  one  of  the  following  if  the  other  two  are  specified: 

(a)  a 

(b)  6 

(c)  n 

We  can,  for  example,  be  given  the.y's,  e^.'a,  :uid  B, 
and  solve  for  n as  follows; 


.^.ssuJ^le  that 

wc  wanted  the  process  centered  at  3.000 

“n  = 

= 3.000 

/Issume  that 

we  wanted  to  detect  if  the  process  shifted  to 

5.001 

Hi  : 

yj  = 3.001 

with  an  a risk  = 0.05  and  g = .20.  Assume  Oy  = .002.  Find  n. 

crit  0 

For  a = .05 

, Z = 1.645 

X . 

. = 3.000  + 1.645 

For  g = .20 

, Z = .84 

Iherefore, 

to  find  n: 

/3.000  + 1 - 3.001 

^ _ ‘ crit  - 

= \ -f^J 

'^x 

.002 

.001  + 

- .84  = — 

-TV 

.002 

f-.84) f.002) 

_ . .0032!) 

r 
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.00497 

.001 


4.97 


n = 24.7 


Since  we  cannot  take  a sample  of  size  24.7,  we  must  go  to 
24  or  25.  If  we  go  to  25,  the  6 error  will  decrease  as  follows: 


crit 


= 3.000  + 1.645 


= 3.000658 


For  the  6 error 


3.000658  - 3.0010 
.002 


-.000342 

.002 


-.855 


Therefore,  g 19.631 


Operating  Characteristic  (PC)  Curves 

The  relationships  among  Uq,  a,  6,  and  n have  been  pre- 
sented in  the  form  of  Operating  Characteristic  or  OC  ounces  thereby 
reducing  the  computations  significantly.  OC  cun-es  have  been 
"standardized"  in  order  to  use  the  same  curv'es  for  various  values  of 


► J 


Uq  and  as  follows: 


tX'  cur\'cs  for  a one-sided  test  on  the  mean  of  a normal 
distribution  with  a = .05  are  shown  in  figure  12.  Many  different  (X. 
curves  can  be  found  in  b.ngineering  Statistics  by  Rowker  and  Lieberman. 


Figure  12 

(XI  curves  for  different  values  of  n for  the  one- 
sided normal  test  for  a level  of  significance 
rt  = 0.05.  From  R.  H.  Rowker  and  G.  .1.  Lieberman 
(10501,  Engineering  Statistics,  Prentice  Hall, 
Englewood  Cliffs,  .N.I,  p.  118. 


t-A^unplc 

Refer  to  the  previous  e.x.ample  on  page  5(-)  wherein  we  solv'ed 
for  n.  Using  the  (.XI  cun'c,  we  c;in  solve  for  n as  follows: 


r 


6] 


E 


I 

\ 


I « 


? ♦ 


f 


I 

r 


^>ec  ifyiiig  X,  ?,  and  n 

We  have  shown  that  i,  H,  and  n arc  interrelated.  For 
example,  we  can  decrease  6 by  increasing  n or  increasing  a.  We  can 
decrease  n by  increasing  S (keeping  a constant). 

The  problem,  however,  is  that  there  are  costs  associated 
with  a,  S,  and  n.  If  we  increase  n,  we  increase  the  costs  of  inspec- 
tion. If  we  increase  a,  we  will  conclude  a greater  percentage  of  time 
that  the  process  is  out  of  control  when  it  is  not  and  we  will  incur 
additional  costs  looking  for  assignable  causes  when  they  do  not  exist. 
If  we  increase  B,  we  will  conclude  that  the  process  is  in  control  a 
higher  percentage  of  time  when  it  is  actually  not  in  control  and  will 
produce  a larger  percentage  of  defective  items,  'fhe  choice,  therefore, 
of  a,  6,  and  n is  largely  an  economic  one. 

There  are  other  considerations,  however,  In  the  space  pro- 
gram, for  e.xample,  we  may  be  willing  to  accept  a large  a error  in  order 
to  get  a small  B error  to  insure  that  the  parts  that  we  actually  accept 
are  not  defective.  In  other  words,  we  may  be  willing  to  reject  a large 
number  of  "good  lots"  of  parts  in  order  to  insure  that  we  did  not  pro- 
duce a lot  when  the  process  was  out  of  control. 

Summary' 

llnce  we  have  determined  the  process  capability,  we  must 
monitor  the  process  to  insure  that  it  remains  "in  control". 

Accom])li.shing  a 100?,  inspection  of  the  items  processed  is 
olten  prohibitive  from  a cost  standpoint.  Therefore,  we  resort  to 
sampling.  When  we  sample,  we  have  less  than  complete  information. 
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Therefore,  we  may  reach  an  incorrect  conclusion  based  on  the  sample 
information.  Specifically,  we  can  make  two  types  of  errors.  A 
Type  I error  is  made  when  we  conclude  that  a process  is  out  of  con- 
trol when  it  is  not.  In  other  words,  we  will  go  looking  for  an 
assignable  cause  for  the  deviation  when,  in  fact,  there  was  not  a 
deviation.  The  probability  of  this  type  of  error  we  denote  as  a.  A 
Type  II  error  is  made  when  we  conclude  that  the  process  is  in  control, 
when,  in  fact,  it  is  not.  The  probability  of  this  type  of  error  we 
denote  as  6. 

Given  values  for  and  o^,  we  can  find  the  value  of 

any  one  of  the  following  three  items  if  we  know  the  other  two. 

(1)  a 

(2)  e 

(3)  n 


In  order  to  minimize  the  calculations.  Operating  Character- 
istics (OC)  cuives  have  been  developed  which  show  the  relationship  of 
these  items. 

The  choice  of  a,  B,  and  n are  usually  dependent  upon  tJie 
co^of  sampling  and  the  cost  of  making  Typo  I and  Tv'pe  II  errors. 


A 


PROBLEM  SET  NO.  3 


1.  .An  ALC  overhaul  process  reconditioning  Part  A in  Figure  1 on  Page  2 
should  be  set  such  that  the  mean  of  the  distribution  of  lengths  (X^)  is  at 
10.000.  The  standard  deviation  of  the  process  is  .004.  In  order  to  in- 
sure that  the  process  is  maintained  "in  control",  a sample  of  n items  will 
be  taken.  ITie  following  conditions  arc  desired: 

(1)  Probability  of  a T^-pe  I error:  0.0.S 

(2)  If  the  process  mean  is  at  10.008,  the  probability 
of  a Type  II  error  should  be  0.12 

Requ i red : 

(.a)  Find  n by  appropriate  calculations. 

(bl  Find  n using  OC  curve  in  Figure  12. 

2.  Refer  to  Problem  No.  1.  If  B changes  to  0.35,  what  is  new  n (using 
OC  curves}? 

3.  We  rarely  use  a simple  size  of  one,  but  more  often  go  to  at  least 
four  or  five.  Thinking  back  to  the  Statistics  1 course,  what  is  the 
most  important  reason  for  having  the  sample  size  at  least  four  or  five? 
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PRC\:ESS  CCKFRil].;  CONTROL  CHARTS  FOR 
VARIABLES  OR  MnASUEIEMFNJTS 

InTrodi'Ction 

In  Qiaptcr  3,  we  discussed  the  means  for  determining  the  "pro- 
Qcss caprbil Lty"- -the  best  performance  capability  of  the  process.  In 
lihapter  1,  \\'e  discussed  asing  this  process  capability  to  set  uji 
appropriate  statistical  tests  ’.vhcrchy  the  process  could  be  monitored 
to  determine  if  it  vvas  in  control.  Ihis  test  consisted  primarily  of 
determining  an  appropriate  a level  and  sample  size  (n)  and  setting  up 
appropriate  acccptance/rejcction  regions.  Periodic  samples  could  then 
be  taken,  the  sample  values  compared  with  the  acceptance/rejection 
regions,  and  an  inference  made  about  tlic  "state"  of  the  process. 

We  can  leave  it  at  tiiat  luid  accom|ilish  the  quality  control 
function  in  that  maimer.  .A  better  method,  however,  is  to  rotate  the 
a.xis  of  tile  graph  on  whidi  the  distribution  function,  mean,  acceptance/ 
rejection  regions,  etc.  are  plotted.  The  centerline,  and  lines 
separating  tlie  acceptance/rcjcction  regions  arc  extended,  tJic  sample 
numbers  are  now  plotted  on  the  X axis  ;md  the  "measurement"  on  the  V 
axis.  We  now  have  a statistical  quality  control  diart  as  shown  below, 
fhe  distribution  of  X's  is  shovai  to  illustrate  how  the  Upper  Control 
Limit  (UCL),  Lower  Control  Limit  (LCL)  ;md  centerline  (E)  are  determined. 
It  IS  not  normally  shoim  on  an  actual  control  chart.  The  sample  values 
arc  now  plotted  on  the  diart.  It  can  be  immediately  determined  if  the 


1 2 3 4 5 .. 


Sample  N'o . 


process  is  "in  control"  or  "out  of  control".  The  control  chart  pro- 
vides the  added  advajitage  of  highlighting  any  "trends"  in  the  process. 

X Qtarts 

In  (Tiapter  3,  we  discussed  three  methods  of  determining  the 
process  capability.  Likewise,  there  are  three  methods  of  determinir.g 
the  control  limits  for  an  X chart,  where  X is  the  mean  of  a sample 
of  n measurements. 

(1)  0)^  known 

' If  the  process  standard  deviation  is  known,  the  X critical 
and,  therefore,  the  UCl  and  LCL  are  determined  as  follows; 

Critical  " ^0  - 


r 


Therefore.  = X . 5^ 


or  ^ ^ ^ 3/-|TT)  0 ^ 

Values  for  S/yTT  have  been  tabulated  for  various  n and 
are  denoted  as  A in  Appendix  A. 

The  control  limits,  therefore,  are: 

UCL  : X + Ao^ 

LCL  : X - Ao^ 

E = X 

(2)  Unknown  but  Estimated  from  the  Sample 

Standard  Deviation. 

We  liave  shown  in  Chapter  3 that  if  is  unknown, 
it  can  be  estimated  by  . 


The  control  limits  are,  therefore,  determined  as 


fol lows : 


V . = Un  -■’Ot 

critical  ^ ~ •' 


E(X1  = .p 

-TTT 


'’x  " °x 


there  fore 


o-  = 


X 

c ,-pr 


r 


r 


I 
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therefore  X 


critical 


= X + 3( 


- C2  n 


- c.-rn  X 


Values  for  (...— j_)  have  been  tabulated  for  various  n 


and  are  denoted  as  in  Appendix  1. 

The  control  limits,  therefore,  are: 


UCL  = X + A^o^ 


LCL  = r - A 


l"X 


fc  = X 


(3)  Oy  Unknown  but  hstimated  from  the  Sample  Range 

A 


We  have  shown  in  Chapter  3 that  if  a-^  is  unknown,  it 


P 

can  be  estimated  by  ^ . 

d o 


The  control  limits  are,  therefore,  determined  as 
follows : 

^critical  ” — ^‘^X 

but  E(X)  = u 


'A 

o 


and  a = X 

I Tn 


but  Oy  = R 
^ d. 


_L_ 

d 


R 


therefore  a = ~2  = 3 YTT 

X ^ ^ ^ 


therefore  X 


critical  = ^ 


J 
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Values  for  (g  have  been  tabulated  for  various  n 


and  are  denoted  as  A£  in  Appendix  1. 

The  control  limits,  therefore,  are: 
UCL  : f + A,R 


LCL  : X - A2R' 


I'he  X charts  are  used  to  insure  that  the  process 
average  does  not  shift  from  the  desired  setting.  If  the 
process  average  shifts,  a higher  percentage  of  items 
Will  fall  outside  of  the  prevously  established  process 
capability  limits  for  the  desired  Uq  . 

Even  though  the  mean  of  the  process  might  not  shift, 
the  process  variability  or  the  standard  deviation  (o^)  of 
the  process  might  change.  This  change  would  (if 
increased)  result  in  a larger  percentage  of  items  falling 
outside  of  the  desired  values.  This  change  would  not  be 
detected  by  the  X chart. 

Therefore,  in  order  to  detect  shifts  in  the  "process 
variability,"  standard  deviation  charts  and  range  charts 
have  been  developed.  One  of  these  (usually  the  range  chart) 
IS  often  used  in  conjunction  with  the  X chart. 


Standard  Deviation  Cliart 
(1)  0^  known 

In  the  statistics  courses,  you  should  have 
learned  that  the  distribution  of  sample  variances  follows 
a chi-square  distribution.  It  can  be  shown  that  over  99% 
of  the  values  fall  within  the  interval 

E('^y)  + 3a* 

X — 0^ 

In  Chapter  3 it  was  shown  that 


A 

0 = Ef'^X") 


Therefore 

E(&^)  . 30.^ 


can  be  replaced  by 


/-J  2 (n- 1)  - 2nc  , 


The  upper  contro 1 limit  is : 


We  can  factor  out  o„  and  replace  what's  left  in  the  brackets 

X 


by  the  constant  B_  for  various  values  of  n and  have: 
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where  values  of  for  various  n arc  tabulated  in  Appendix  1 
The  lower  control  limit  is  calculated  in  a similar  fashion 
except  that  in  the  brackets  we  have  [C2  ' 5...]  = 
where  values  of  for  various  n are  tabulated  in  Appendix  1 
Summary : 

UCL  = B2°x 

LCL  = _ 

Y 

(2)  Oy  unknown  but  estimated  by  

A C2 

If  is  unknown  but  estimated  from  k samples  of 
size  n by  cT^  , the  we  can  replace  by  ^ in  the  control 


limits  computed  in  the  preceding  section  and  have 


(c,j/  °XU  3 


Iv'c  can  factor  out  and  replace  what's  left  in  the 
brackets  by  the  constant  for  the  upper  control  limit 
and  for  the  lower  control  limit  as  follows: 


2(n-l)  -2nc  \ ^ 


UCL  = 


LCL  = Bj 


Range  Chart 

It  is  easier  to  calculate  the  range  of  a sample 
than  jt  is  to  calculate  the  standard  deviation,  therefore 


the  Range  chart  is  used  in  conjunction  with  the  X chart 
more  frequently  than  is  the  standard  deviation  chart. 

(1)  Known 

The  distribution  of  the  Range  follows  approximately 
the  Chi-Square  distribution.  It  can  be  shown  that  over 
99%  of  the  sample  Range  values  lie  within  the  interval 
E (R)  + 

but  E(R)  = d20^ 

and  it  can  be  shown  that 

'^R  " ^3'^X 

where  values  of  d.^  for  various  n are  tabulated  in 
Appendix  1 . 

The  control  limits  arc,  therefore: 
dzOx  + 

We  can  factor  out  ay  to  get  the  following  control 


limits: 


UCL  = fd,  + ^djja. 


LCL  = (d.  - 3d, Jo, 


= 


where  values  for  and  Dt  for  various  n arc  tabulated  in 
Appendix  1. 

(21  Oy  Unknown  and  Estimated  bv 

^ 'do 


Again  we  have 


n ( R J ^ 3 a 
but  E(R)  = ^ 

and  = d_ox  = (dj) 

therefore  the  control  limits  are 
R 1 (5)(d3)(  K, 

^ cl  2 

[f  we  factor  out  R,  we  have 

3d  7 

= (1  + ~33;’)R 
z 


= D,R 


where  values  for  D-  and  D,  for  various  n are  tabulated  in 

0 4 

Appendix  1. 


I.  Refer  to  the  example  on  page  52  and  page  35. 
(a)  Determine  the  control  chart  limits  for  an  X 
chart  and  a a chart  for  the  data  in  part  (a). 

Data:  n = 5 

0^  Unknown 


A, 


1.596 


B,  = 2.089 

4 

f = .14 


= 1.638 
(1)  X chart 

£ = X = .14 
UCL  = X + Ajcr^ 

= . 14  + (1 . 596) (1 . 638)  = 2 .7542 


LCL  = X - 

= .14  - (1.596) (1.638)  = -2.4742 
(2)  a chart 

A 

UCL  = 

= (2.089) (1 .638)  = 3.4217 

LCL  = B,a,. 

.■>  X 

= (0)  (1.638)  = 0 

(b)  Determine  the  control  chart  limits  lor  an 


chart  and  a R chart  for  the  data  in  part  (b)  . 

Data ; n = 5 

Unknown 

A,  = 0.577 

D-  = 0 
.■) 

D , - 2.115 
TT  = 4.5 


(a)  X chart 


UCl,  = X + A,R 

= . i4  + fO. 577J (4 . 5)  = 2 . 7365 
LCL  = X - A,R 

= .14  - (0.577) (4.5)  = -2.4565 
(b)  R chart 

IJCL  = D4R  = (2.115)(4.5)  = 9.5175 
LCL  = D-R  = (0) (4 . 5)  = 0 

(cj  Draw  the  control  charts  for  part  (b)  above  and 
the  following  sample  values.  Wote:  n = 5 


1  e No  ■ X R 

1 2.5  3 

2 -1.6  2 

3 -1.3  5 

4 -1.9  4 

5 -2.7  9 

()  +.30  11 

X chart 
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3 4 5 6 Sample  No. 


■'*  5 6 Sample  No. 


(d)  What  does  sample  No.  5 indicate? 

Ans . Process  mean  (u)  has  probably  shifted 
causing  the  process  to  be  out  of  control.  Look  for 
assignable  cause. 

(e)  What  does  sample  No.  5 indicate? 

Ans . Process  variability  (o)  has  probably 
increased  causing  the  process  to  be  out  of  control.  Look 
for  assignable  cause. 

Problem  Set  No.  4 
#1 

A certain  aircraft  part  is  being  manufactured  on  a 
special  piece  of  industrial  plant  equipment.  A large 
number  of  samples  with  six  parts  in  each  sample  were  chosen 
and  the  following  statistics  calculated.  Assume  that  the 
process  was  in  control . 

X = 24.7  in . 

R = .18  in. 


a.  Find  the  control  limits  for  X and  R for  control 
charts  based  on  these  data. 
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b.  What  is  your  best  estimate  of  the  popuiation 
standard  deviation  from  which  these  samples  were  drawn? 

c.  If  the  product  specification  required  the  part 
to  be  manufactured  to  a specification  of  24.7  + .2  in., 
docs  the  process  meet  these  specifications?  Show  how  you 
ciiecked  this.  .\ssume  process  is  in  control. 

(*2 

Refer  to  Problem  Xo.  3 in  Problem  Set  No.  2. 

a.  Compute  the  control  limits  for  X and  R charts 
and  draw  the  charts . 

b.  After  the  control  limits  were  established  and 
the  process  running  smoothly  for  some  time,  a series  of 


samples  yield 

the 

following 

results : 

What  action 

would 

you  take  after 

you 

had 

collected  each 

sample? 

(1] 

n 

= 4, 

X = 1 

. 512 

R = .0264 

Action? 

(2) 

n 

= 4, 

X = 1 

.538 

R = . 0280 

Action? 

(5) 

n 

= 4, 

y = 1 

. 500 

R = .0428 

Action? 

Problem  No.  3 

You  arc  the  OIC  of  a maintenance  activity  that 
i.ncludcs  a radio  repair  and  calibration  facility.  You 
decide  to  establish  a quality  control  system  to  determine 
if  the  frequency  dial  setting  is  exactly  matched  to  the 
frcquenc)-  being  received.  You  know  that  due  to  the 
inherent  nature  of  the  equipment  and  the  calibration 
process,  the  frequency  dial  setting  and  the  frequency  being 
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received  will  not  be  exactly  matched  but  will  be  close. 

You  decide  on  a system  of  units  that  measures  the  difference 
between  the  frequency  dial  setting  and  the  actual  frequency 
received  (let's  call  them  minicycles) . 

When  you  are  convinced  that  the  repair  and  calibra- 
tion process  is  "in  control,"  you  take  3 samples  of  6 radios 
in  each  sample  and  "measure"  the  difference  between  the 
frequency  dial  setting  and  tlie  actual  frequency  received. 

You  record  these  differences  in  minicycles  as  follows: 


SAMPLE  NO.  1 


DIFFERENCE  BETIVEE.V  INDICATED 
AND  ACTUAL  FREQUENCY 
(MINICYCLES)  


Radio  1 
2 

3 

4 

5 

6 

S,\MPLE  NO.  2 


SAMPLE  NO.  3 


L 
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Set  up  the  appropriate  control  chart  or  charts  to 
monitor  the  quality  of  this  process.  Describe  how  you 
would  use  the  chart  or  charts  to  monitor  the  process 
quality . 

PROBLEM  NO.  4 

Refer  to  Problem  6 in  Problem  Set  No.  2.  Determine 
the  control  limits  for  the  appropriate  control  charts  to 
monitor  this  process  (use  ranges,  not  standard  deviations). 
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CHAPTER  b 


PROCESS  CONTROL:  CONTROL  CHARTS  FOR  ATTRIBUTES: 

PROPORTION  DEFECTIVE  (P)  CHART 


On  page  34  we  discussed  the  type  of  quality  charac- 
teristics that  result  in  an  it-em  being  classified  as  defec- 
tive or  non-defective.  IVe  pointed  out  that  this  is  a 
Bernoulli  process  and  that  when  several  Bernoulli  processes 
(trials  or  observations  in  a sample)  are  combined  to  form 
a sample  size  greater  than  one,  the  outcomes  form  a binomial 
distribution.  We  further  pointed  out  that  if  the  sample  size 

is  large  enough,  the  binomial  distribution  can  be  approxi- 

I 

mated  by  the  normal  distribution. 

Specifically,  if  we  take  k samples  of  size  n,  the 
population  moan  of  the  distribution  is  n,  and  the  variance 
is  given  by: 


We  estimate  ri  by  p,  and  can  establish  limits  for  a 
proportion  defective  (p  chart)  as  follows: 
p + 3 


1 


p n-p) 

n 


Ex amp] e 

Refer  to  the  example  problem  on  page  39.  Determine 
the  UCL  and  LCL  for  a Proportion  Defective  Control  Chart 
(p  chart ) . 


r 


I 


1 

i 
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k = 10 

p = .12 

UCL  = p + 3 

= .12  + .1378  = . 2578 

LCL  = p - 3 si  (.12)  (.88) 

' 50 

= .12  - .1378  = - .0178 

Since  p cannot  be  less  than  0,  LCL  = 0 
We  can  leave  the  control  chart  limits  in  terms  of 
the  fraction  defective  o£  we  can  multiply  the  fraction 
defective  limits  by  the  sample  size  and  establish  the  limits 
in  terms  of  the  number  of  defectives  in  the  sample. 

(UCL)n  = .2578  (50)  = 12.89“^  13 
(LCL)n  = 0(50)  = 0 
Control  Chart 

UCL  = .2578  or  12.89^  13  defectives  out  of  a sample  of  50  [ 


LCL  = 0 

I 2 T~  4 5 


► 

Sample  No.  ! 


Problem  Set  No.  5 
Problem  No.  1 

The  Air  Force  does  not  use  "verifiers"  on  its  kc  • 


t 


punch  operations;  therefore,  errors  can  be  expected  to  occur 
in  these  operations.  You  have  a highly  motivated,  well 
trained  set  of  operators  who  appear  to  be  making  the  minimum 
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number  of  errors  possible  when  key  punching  supply  requisi- 
tions. Over  a period  of  several  days,  you  take  5 samples  of 
100  requisitions  per  sample  and  check  them  thoroughly  for 
errors.  Your  results  are  as  follows: 

SAMPLE  NO.  NUMBER  OF  INCORRECT  REQUISITIONS  IN  SAMPLE 


9 

6 

7 

10 

8 


Set  up  and  sketch  an  appropriate  control  chart 
(.with  limits)  to  monitor  this  "process"  in  the  future  and 
describe  how  you  might  use  it. 

You  decide  to  monitor  the  qual  ity  on  a frequent 
basis,  and  for  several  weeks  all  samples  indicate  that  the 
process  is  "in  control."  Then  you  take  a series  of  samples 
with  the  following  results: 

.NUMBER  OF 

^\W'’L]-,  NO.  (n  = 100)  INCORRECT  REQUISITIONS  IN  SAMPLE 

39  20 

Plot  this  data  point  on  your  sketch.  Khat  action 
would  you  take,  if  any? 

S.-\MPL1.  NO.  .NUMBER  OF  INCORRECT  REQUISITIONS  IN  SAMPLE 

45  14 

Plot  this  data  point  on  your  sketch.  Khat  action 


would  you  take,  if  any? 


r 
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Problem  No.  2 

One  of  the  ALC ' s producing  repaired  aircraft  engines 
decided  to  set  up  an  appropriate  control  chart  to  determine 
if  the  number  of  defective  engines  produced  was  excessive. 

For  30  consecutive  days,  they  inspected  50  engines  each  day 
to  determine  the  number  of  defective  engines.  Every  effort 
was  made  during  this  30-day  period  to  insure  that  the 
process  was  "in  control."  The  following  data  were  collected: 
DAY  NUMBER  OF  DEFECTIVE  ENGINES 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
2 2 

2 3 

24 

25 

26 

27 

28 
29 

3 0 

TOTAL  TC 


1 

0 

1 

4 
1 

5 
2 
1 
3 
3 
3 
7 
3 
2 
T 


1 

•n 
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a.  Determine  the  appropriate  control  chart(s)  and 

their  center  1 ine (s)  and  limits. 

b.  Discuss  how  this  chart  should  be  used  in  the 
future.  Give  examples  of  the  type  of  data  that  might  be 
collected  and  what  action  you  would  take. 


r 
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CIIAPTHR  7 

PROCESS  CONTROL:  CONTROL  CHARTS  FOR  ATTRIBUTES: 

DEFECTS  PER  UNIT  (C)  CHART 

On  page  S6  we  discussed  the  type  of  quality  charac- 
teristics that  result  in  an  item  being  classified  by  the 
"number  of  defects"  the  item  possesses.  We  pointed  out  that 
the  number  of  defects  per  unit  usually  follows  a Poisson 
distribution.  We  further  pointed  out  that  the  parameter 
of  the  Poisson  distribution  can  be  estimated  by  c",  the 
average  number  of  defects  found  in  k units. 

Iv'e  can  establish  control  charts  for  defects  per 
unit  (c  chartsl  as  follows: 

The  mean  and  variance  of  a Poisson  distribu- 
tion are  both  X;  therefore,  the  standard  deviation  is  • iT. 

The  control  chart  limits  are,  therefore: 

X + 3 'f  r* 

and  these  are  estimated  from  k units  by 
c + 3 i c 

Examp  1 c 

Refer  to  the  example  problem  on  page  41.  Determine 


the  UCL  and  LCL  for  a Defects  per  Unit  Control  Chart 
f c chart). 


AO-A037  253 


UNCLASSIFIED 


AIR  FORCE  INST  OF  TECH  WRI6HT-PATTERS0N  AFB  OHIO  SCHO— ETC  F/6  15/5 
MiALITY  CONTROL  IN  DOD»(U) 

JAN  77  6 A BOHLEN*  P J SWEENEY 

AU-AFIT-SL-22  NU 
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Since  the  number  of  defects  cannot  be  less 
than  0,  LCL  = 0. 

Problem  Set  No.  6 

1.  Refer  to  problem  5 of  Problem  Set  No.  2 on  page 
4S. 

a.  Determine  appropriate  control  chart  limits. 

b.  A wing  was  later  inspected  and  had  11  defects. 
What  would  you  do? 

c.  A wing  was  later  inspected  and  had  6 defects. 
What  would  you  do? 

2.  You  are  the  supervisor  of  a large  pool  of  adminis- 
trative personnel  whose  primary  task  is  typing.  You  are 
satisfied  that  the  personnel  are  highly  motivated  and  are 
producing  at  the  highest  level  of  effectiveness  that  can  be 
expected.  You  decide  to  capture  data  from  this  state  of 
effectiveness  so  that  you  can  keep  track  of  the  effective- 
ness and  detect  any  statistically  significant  change  in 
performance  in  the  future.  You  decide  to  use  as  a sample 
unit  a page  of  typewritten  material.  You  take  a sample  of 
100  full  pages  of  typing  with  the  following  results: 

Sample  size:  100  pages 

Average  number  of  errors  per  page:  4 

Determine  the  appropriate  control  chart  and  compute 
the  control  chart  limits.  Label  the  units  of  your  limits. 
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VIII.  SAMPLING  OVERVIEW 

A broad  definition  of  quality  would  include  its  creation 
and  its  measurement.  The  creation  of  quality  is  a function  of  many 
parameters  and  would  be  affected  by  the  processes,  the  materials, 
the  equipment,  and  the  workers.  To  begin  with,  quality  can  be 
different  for  the  same  product.  A quality  sailboat  to  the  weekend 
sailor  is  surely  different  than  a quality  sailboat  to  an  America's 
Cup  skipper.  So  quality  is  what  we  define  as  "quality"  and  this 
will  depend  upon  the  function  of  the  end  product,  costs,  equipment, 
etc.  Once  this  quality  is  defined  one  must  then  determine  a method 
of  measuring  this  "quality."  One  method  often  used  in  this  measur- 
ing process  is  acceptance  sampling.  Using  accepted  statistical 
procedures-estimates  of  the  product  quality  are  computed  and  then 
compared  to  acceptable  limits.  On  the  surface  this  appears  to  be 
a rather  simple  straightforward  approach:  1)  define  quality,  2) 

sample  the  product,  3)  determine  if  the  quality  standards  have  been 
met,  and  4)  take  appropriate  action.  Unfortunately,  however,  few 
things  are  as  simple  as  they  first  appear.  In  the  following  pages 
we  will  discuss  in  a logical  sequence  the  thinking  and  basic  con- 
cepts that  quality  control  managers  would  follow  in  establishing 
sampling  systems.  Many  government  developed  plans  are  availadjle 
and  will  be  included  to  demonstrate  the  ease  of  selecting  appropri- 
ate sampling  plans  using  Military  Standards. 

From  your  carpeted  office  on  the  second  floor  of  the  wing 
headquarters  building  you  are  able  to  manage  your  smooth  and 
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efficient  mission  oriented  organization.  Mission  aircraft  take  off 
on  schedule,  your  reenlistment  rate  is  high — you  run  a "good  ship." 
In  comes  Miss  Miller,  your  secretary;  she  brings  in  the  letter  you 
dictated  this  morning.  She  has  been  with  you  since  you  arrived  on 
station  two  years  ago  and  her  work  is  always  excellent.  She 
returns  to  her  desk  and  you  begin  to  proofread  the  letter  before 
signing.  As  you  read,  you  project  yourself  into  the  shoes  of  the 
addressee  to  determine  if  what  you  wish  to  say  does  in  fact  convey 
the  correct  thoughts  to  the  reader.  No  problem  here,  you  can 
really  communicate.  But  mercy,  a misspelled  word,  an  obvious  typ- 
ing error.  Now  you  must  decide  whether  or  not  to  sign,  correct  the 
error  in  pen,  or  have  Miss  Miller  retype  the  letter.  You  start 
thinking — who  does  this  go  to?  What  is  the  suspense?  Will  this 
error  or  retyping  irritate  Miss  Miller?  Will  the  addressee  notice 
the  error?  What  will  he  think  of  you  if  he  does? 

Well,  you  decide  to  ask  Miss  Miller  to  retype  the  letter. 
You  have  established  a standard  for  the  letter — no  misspelling  will 
be  permitted.  This  standard  is  the  acceptable  quality  level  for 
this  letter.  You  will  proofread  the  retyped  product  and  if  within 
the  standard,  you  will  sign.  In  a talk  with  Miss  Miller  you  advise 
her  that  you  will  not  sign  any  letters  with  misspellings — you  have 
a quality  control  system.  Now  it  is  not  very  complicated  or  fancy 
but  it  will  assure  with  a high  probability  that  letters  with  mis- 
spellings will  not  be  dispatched  from  your  office. 

’■'he  hot  line  rings  and  the  Wing  Commander  says  "Joe,  I'm 


concerned  about  the  military  appearance  of  our  people  here.  Check 
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this  out  and  let  me  know  what  you  think  by  0900  tomorrow."  "Wilj 
do,  sir,"  you  reply  just  before  he  hangs  up.  It's  a busy  day  but 
you  better  get  an  answer  to  this  one  and  by  0900  tomorrow.  How  do 
you  start?  Obviously  you  can't  checkout  every  person  on  the  base, 
but  you  could  get  a sample.  You  decide  to  look  at  haircuts,  shoe 
shines,  shaves,  and  variations  from  AFM  35-10  concerning  uniform 
standards.  You  figure  that  by  visiting  several  offices,  a few 
shops,  and  the  BX  a good  cross  section  of  the  military  can  be 
observed.  So  off  you  go. 

The  next  morning  at  the  0900  meeting  you  report,  "Sir,  I 
observed  121  military  yesterday  afternoon  and  noticed  24  needed 
haircuts,  5 needed  shoe  shines,  3 needed  shaves,  and  8 were  in 
violation  of  AFM  35-10."  "Just  as  I suspected,  these  young  guys 
just  won't  get  haircuts.  We  will  have  to  place  more  emphasis  on 
haircuts. " 

On  your  way  back  to  your  office  it  occurs  to  you  that  your 
sampling  and  the  Wing  Commander's  belief  that  24  out  of  121  was  too 
many  long  hairs,  was,  in  effect,  a use  of  sampling  to  determine 
quality.  And  that  his  plan  to  do  something  about  the  situation 
constitutes  a crude  quality  control  system.  But  as  you  think  more 
about  the  situation  the  worse  it  gets.  The  Wing  Commander  assumed 
that  the  hair  violators  were  young  and  that  they  were  all  men.  Was 
your  sample  truly  representative  of  the  entire  base  military  popu- 
lation? Were  the  numoer  of  other  violations  satisfactory?  What  if 
there  were  only  3 haircut  violations?  You  have  a quality  control 
plan  but  how  good  is  it?  Does  it  matter  to  you  or  the  Wing 


Comm.ander? 


r 
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These  are  just  two  examples  of  quality  controlling  and  by 
no  means  are  either  the  best  or  only  possible  way  to  solve  these 
problems.  One  thing  is  obvious,  however,  for  in  the  first  case 
each  letter  is  proofread  while  in  the  second  case  a seunple  is  used 
to  reflect  the  base  population.  As  with  determining  courses  of 
action, one  potential  course  is  to  do  nothing.  In  the  sections  that 
follow  we  will  develop  a methodology  for  determining  whether  to 
100%  inspect  (screening),  sample,  or  do  not  inspect  at  all  (waive). 

IX.  SCREEN  - SAMPLE  - WAIVE 

When  managers  decide  to  measure  a quality  which  has  been 
previously  determined, the  next  step  in  the  decision  process  is  to 
select  either  a screening,  sampling,  or  waiving  (no  inspection) 
plan  of  action.  A matl.'^matical  model  follows  which  will  assist 
managers  in  making  intelligent  decisions  based  upon  known  and/or 
estimated  data. 

WAIVE  If  no  inspection  of  the  product  is  selected  as  a 
course  of  action,  the  total  costs  will  vary  linearly  with  the  num- 
ber of  defectives  and  the  cost  of  each  replacement. 

Total  Cost/Lot  = P’NCj^  P'  = % Defective 

N = Lot  Size 
C = Replacement  Cost 

R 

Excunple  No.  1 In  our  work  we  know  from  experience  that  1% 
of  our  products  are  defective,  our  lot  size  is  1000  units,  and  the 
replacement  costs  are  S5.00  per  unit. 

TCyiiOt  = $(.01)  (1000)  (5.00) 

= $50.00 
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This  means  that  on  the  average  our  costs  for  defectives 


will  be  $50.00  per  lot  of  1000  units 


SCREEN  Screening  is  a 100%  inspection  plan  and  may  be 


required  of  certain  operations.  Will  you  sign  letters  without  read' 


ing,  send  a man  to  the  moon  without  checking  his  life  support  sys' 


tern,  drive  to  Chicago  without  looking  at  your  gas  gauge? 


There  are  times  when  a screening  of  the  final  product  is 


essential  and  this  can  be  based  upon  safety,  mission  accomplishment 


Cost  to  Inspect  one  unit 


Example  No.  2 Using  the  same  data  as  example  1 plus 


C./hot  = (1000) (.20)  + (.005) (.01) (1000) (5,00) 


$200.25 


Even  in  a screening  plan  defectives  will  be  missed  since 


either  your  equipment  is  faulty  or  the  operator  makes  an  error 


This  K,  factor  is  difficult  to  determine  but  either  experience  or 


an  accuracy  check  can  be  used 


SAMELF  The  costs  of  Scimpling  are  a combination  of  accep' 


tance  (accepting  the  lot)  and  rejection  (rejecting  the  lot)  costs 


TC  = Acceptance  Cost  + Rejection  Cost 
SM 

= AC  + RC 

AC  = P^InC^  + (N-n)p.  C^  + 

P = Probability  of  accepting  the  lot  based  upon  the 

di 

known  fraction  defective  and  the  sampling  plan.  (In  later  sections 
this  will  be  explained  in  detail.) 
n = sample  size 


= defectives  missed  in  Scimple 
C^,  N,  P'  , & Cp  - scune  as  above 


nC^(l-P  ) 
T a 


Crossover  Points  Given  the  three  options  the  quality 
manager  can  determine  a specific  optimum  program  for  each  particular 


situation.  Crossover  points  are  defined  as  that  percent  defective 


level  at  vrtiich  switching  from  one  plan  to  another  is  judged  the 
most  economical. 

If  for  some  reason  sampling  has  been  eliminated  as  a 
possible  course  of  action^  then  either  screening  or  waiving  must  be 


selected. 


If  we  set 


TC  = TC 
W SC 


P„*  = NC  + K,P„'NC„ 

X R T ' X R 


P^'CCp)(l  - K.)  = C^ 


"x’  = 


Cp(l-K.) 


screen  the  lot. 


and  when  P ' ^ ' 

However,  often  we  can  reduce  the  costs  of  checking  quality  by 
Scunpling.  Equating  and  TC^  to  will  not  provide  reliable 

decision-making  information  due  to  the  variability  of  the  probabil- 
ity of  acceptance  as  a function  of  lot  quality  in  percent  defectives. 
Therefore,  it  is  necessary  to  graphically  plot  all  three  curves  in 
order  to  locate  the  crossover  points. 

The  weakness  in  this  particular  approach  is  based  upon  the 
initial  reliability  of  the  entering  arguments,  the  quantity  of  cal- 
culations required  and  the  variability  of  the  data  over  time.  In 
addition, those  who  will  actually  operate  the  quality  system,  the 
inspectors,  may  not  be  qualified  to  compute  crossover  points. 
Therefore  we  recommend  that  the  managers  of  quality  control  plans 
provide  the  operators  with  guidelines  rather  than  complicated 
equations. 

Example  No.  3 The  managers  of  a quality  control  system  in 
an  aircraft  electronics  parts  supplier  wishes  to  provide  guidelines 
for  his  inspectors  concerning  the  waive/saraple/screen  decision  on 
one  of  his  products,  say  transistor  diodes.  Over  the  past  four 
years  he  has  produced  over  one  million  diodes  and  estimates  the 
percent  defective  to  be  4%  in  lots  of  500  parts  each.  Utilizing 
MIL  STD  105  he  has  selected  a Scunpling  plan  that  consists  of  a 
sample  of  size  50  and  has  a probability  of  acceptance  of  86%  for  1 
lot  at  4%  defective.  The  K and  K are  equal  0.005.  The  C value 

X ^ R 

is  $5.00  and  the  is  $.18.  (Note:  Selection  of  sampling  plans 

using  MIL  STDs  will  be  covered  later.) 


r 


TC  = P'NC 
W R 


= (-03) 


$ 75.00 


= (.04)  (500)  (5.00)  = $100.00 
= (.05)  $125.00 

= (.06)  $150.00 

Note:  N and  are  constants  TC^  varies  linearly  with  P'. 

= NC  + K,  P'  NC„ 

SC  T ' R .03 

04 

= (500)  (.18)  + (.005)  Cq^)  (500)  (5.00) 


= "0  " :625  " 

.75 

Note:  The  relative  values  of  first  and  second  terms  in 

the  equation. 

’’Sm  = "=af"S  ^ + nK^P 

n C^(k-P^) 


P [(50) (.18)  + (500-50) (P' ) (5.00)  + 50  ( . 005) (P ’ ) (5) ] 

3 

50(.18) (1-P  ) 


p’ 

P * 
a 

TC 

SM 

.02 

.99 

53.6 

.03 

.95 

72.7 

.04 

.86 

86.7 

.05 

.T1 

96.3 

.06 

.65 

98.4 

From  this  information  plot 


*With  P'  given  is  found  from 
appropriate  OC  curve. 


, sample 
‘ screen 


r i ir>:  t 
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Given  the  results  of  Figure  1 we  nerely  select  the  minimuin  cost 
approach  based  upon  the  predicted  percent  defectives  in  the  lots. 
Our  guidance  to  the  inspectors  would  be: 

1.  If  P'  is  expected  to  be  less  than  .024,  use  no  inspec- 


2.  If  P'  is  expected  to  be  between  .024  and  .047,  use 


ScUnpling . 


3.  If  P‘  is  expected  to  be  greater  than  .047,  use  100% 


inspection. 


4.  If  for  some  reason  sampling  cannot  be  used  and  P'  is 
expected  to  be  greater  than  .036,  use  100%  inspection,  if  less  than 
.036  waive. 

One  must  be  extremely  cautious  when  deciding  not  to  inspect 
even  though  the  economics  docs  favor  such  an  approach.  The  more 
prudent  quality  control  planner  would  use  a reduced  scunpling  plan 
(to  be  exi'ilained  later)  or  a spot-check  procedure. 


X.  SA>3>LING  FUNDAMENTALS 

A sampling  plan  consists  of  a lot  size  N,  a sample  size  n, 
and  an  acceptance  number  C.  This  section  will  quickly  review  the 
applicable  statistical  distributions  and  their  use  in  sampling 


theory. 


The  Bernoulli  distribution  is  appropriate  when  only  two 


mutually  exclusive  outcomes  are  possible  and  the  probability  of 


these  outcomes  remain  constant. 

, , , 1-X 

f (X)  = P q 


( 
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P = probability  of  success 
q = probability  of  failxire 
X = random  variable  and  equal  1 or  0. 

U = P (mean) 

2 

a = Pq  (variance) 

The  binomial  is  derived  from  the  Bernoulli.  The  random 
variable  X is  equal  to  the  number  of  successes  in  n independent 
Bernoulli  trials. 

f(X)  = (JJ)  P^  q"""^  X = 0,1,2 n 

y = nP  (mean) 

2 

a = nPq  (variance) 

The  Poisson  distribution  also  describes  the  number  of  suc- 
cesses of  n independent  Bernoulli  trials. 

X 

f(X)  = X = 0,1,2,... ,n 

y = nP  (mean) 

2 , . . 

0 = nP  (variance) 

Both  the  Binomial  and  the  Poisson  distributions  are  useful 
in  sampling  from  infinite  populations  or  finite  populations  with 
replacement.  Remember,  though,  the  probability  of  success  must 
remain  constant  from  trial  to  trial  in  both  cases. 

When  replacement  is  not  possible,  for  one  reason  or  another, 
then  the  hypergeometric  distribution  is  more  appropriate  than 
either  the  Binomial  or  Poisson.  The  exact  probability  of  successes 
in  n independent  Bernoulli  trials  without  replacement  is  the 


hypergeometric  distribution 


Below  are  some  rules  of  thumb  that  may  be  used  in  estimating 


use  Binomial  distribution  as  estimator 


ana 


use  the  Poisson.  To  estim.ate  the  binomial  with  the  normal  fiistribU' 


tion  follow  rule  3 


Rule  3:  If  N > 30 


as  an  estimator  of  the  binomial  distribution 


Operating  characteristic  curves  are  used  to  determine  the 


effectiveness  of  sampling  plans.  In  sampling,  the  objective  is  to 


ones.  Unfortu 


nately  when  using  sampling  plans  there  exists  the  possibility  of 


either  rejecting  a good  lot  or  accepting  a bad  one.  These  proba 


istic  (OC)  curve  of  different  sampling  plans,  see  Figure  2 


0.6 


P = Probability  of 
a 

Acceptance 
P'  = % Defective 


Figure  2 


Operating  Characteristic  Curve 
As  an  example  let  us  look  at  several  plans.  To  keep  this 
simple  wc  want  to  compare  different  plans  for  a lot  of  10  items 
with  sample  sizes  from  one  to  three.  That  is  from  a lot  of  10 
items  we  will  select  at  random  1,  2,  or  3 items  and  base  our 
decision  to  accept  or  reject  the  lot  based  upon  the  number  of 
defectives  in  the  sample. 

First  we  must  calculate  the  probability  of  finding  a defec- 
tive in  a sample  of  size  n from  a lot  of  size  10  based  upon  the 
number  of  defectives  in  the  lot.  For  example  if  n = 3 and  the 
nijmber  of  defectives  in  the  lot  is  0,  then  the  probability  of  a 
defective  in  the  sample  will  be  0.  However,  if  the  lot  contains 
one  defective  there  is  a 70%  and  30%  probability  that  zero  and  one 
defective  respectively  will  be  found  in  our  sample.  Our  excimple 
is  sampling  from  a finite  (10)  population  without  replacement. 

You  said  hypergeometric — right?  Remember 


P = 0.1 


Let  fiP  = (10)  (.1)  = 1 

_ (::d  an 


(IMI)  an,)  fag) 

(f)  ■ m) 


Similarly  we  can  compute  all  to  the  relevant  data  which  would 


result  in  the  table  below: 


Number  of  Defectives  in  Sample 


Defectives 
in  Lot 


A 

B 

C 

D 

E 

F 

0 

1 

2 

3 

0 or  1 

0,1/Or  2 

0 

100 

- 

- 

- 

100 

100 

1 

70 

30 

- 

- 

100 

100 

2 

46.7 

46.7 

6.6 

- 

93.4 

100 

3 

29.2 

52.5 

17.5 

0.8 

81.7 

99.2 

4 

16.7 

50.0 

30 

3.3 

66.7 

96.7 

5 

8.3 

41.7 

41.7 

8.3 

50.0 

91.7 

6 

3.3 

30 

50 

16.7 

33.3 

83.3 

7 

0.8 

17.5 

52.5 

29.2 

18.3 

60.8 

8 

0 

6.6 

46.7 

46.7 

6.6 

53.3 

9 

0 

0 

30 

70 

0 

30 

10 

0 

0 

0 

100 

0 

0 

Next  we  plot  the  above  values. 


Lot  Fraction 
Defective 


Figure  3 
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Now  we  have  three  plans  (A,  E,  F)  to  evaluate.  Note  that 
plan  A is  more  restrictive  than  either  E or  F.  That  is  if  the  lot 
fraction  defective  is  0.2  (two  defectives  in  the  lot  of  10)  then 
plan  A will  result  in  accepting  46.7%  of  the  time,  plan  E 93.4%,  and 
plan  F 100%  of  the  time.  More  lots  will  be  accepted  using  plan  F 
than  the  other  two,  thus  this  plan  has  the  greatest  risk  for  the 
consumer.  Also  note  that  plan  A will  reject  many  lots  of  fair 
quality  (say  3 to  5 defectives) , whereas  the  other  plans  reject 
fewer  at  this  level  of  quality.  Interesting  to  note  is  the  fact 
that  all  tliree  plans  will  accept  very  good  lots  and  reject  very 
poor  ones.  Therefore  the  selection  of  the  proper  plan  must  be 
based  upon  a compromise  between  the  consumer  and  producer  risks, 
a & [5  respectively.  Remember  from  your  statistics 


Lot  Quality 


Good 

Bad 

Accept 

1-a 

& 

Reject 

a 

1-B 

The  a error  is  called  type  I and  the  g error  type  II. 

XI.  ATTRIBUTE  SAMPLING  PLANS 

Sampling  plans  are  usually  considered  either  attribute  or 
variable  tyjje.  The  attribute  plans  are  based  upon  discrete  cate- 
gories such  as;  good  or  bad,  effective  or  defective,  pass  or  fail. 
Whereas  the  variable  plans  are  based  upon  a continuous  scale  and 
deviations  from  a standard.  Variable  plans  will  be  developed  and 
explained  in  later  sections. 
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Specified  a,  g,  A[^L,  ar.d  LTiS 

In  designing  or  selecting  an  optiniim  sampling  plan  one 
must  be  concerned  with  exactly  what  results  are  desirable  and  what 
are  acceptable  risks.  Previously  we  defined  the  consumer  (g)  and 
the  producer  (a)  risks.  In  addition  to  these  two  parameters  we 
must  next  identify  "good"  and  "bad"  quality. 

But  before  we  begin  our  development,  let's  look  at  these 
four  parameters  that  will  eventually  be  used  to  develop  our  optimum 
plan. 

The  consumer  risk,  g,  is  well  known  to  those  with  only  a 
minimum  statistical  background.  Seems  like  g is  always  equal  to 
10  or  5%,  at  least  this  is  what  we  find  in  most  tables.  But  what 
does  a 5%  consumer  risk  mean?  Well,  this  is  the  percent  of  the 
time  that  we  can  accept  a bad  lot.  Similarly  the  producer's  risk, 
a,  is  the  percent  of  the  time  we  can  reject  a good  lot.  Seems 
rather  simple.  But  who  determines  good  and  bad  criteria?  Let's 
say  good  quality  is  labeled  the  acceptable  quality  level  (AQL)  and 
poor  quality  the  lot  tolerance  percent  defective  (LTPD) . The  con- 
sumer determines  all  four  parameters — remember  the  customer  is 
always  right.  The  problem  is  in  determining  the  proper  values. 
However,  for  the  sake  of  argument  let  us  assume  that  we  can 
scientifically  do  this  and  press  on.  Now  combining  a and  the  AQL 

in  effect  we  are  saying  that  we  will  be  willing  to  reject  good 

quality  (AQL)  a percent  of  the  time.  Similarly  combining  g and 

LTPD  means  tliat  we  will  accept  a bad  lot  (LTPD)  g percent  of  the 


time . 
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As  an  example  let  us  assume  that: 

AQL  = 1%  Defective  LTPD  = 6%  Defective 
a = 5%  e = 10% 


Quality  Percent  Defective 

Figure  4 

Points  labeled  1 and  2 in  Figure  4 represent  two 
points  of  our  desired  OC  curve.  If  our  plan  satisfies  our  selected 
parameters  then  we  have  an  optimum  plan  for  these  pareuneters.  Our 
next  task  is  to  compute  the  appropriate  sample  size  (n)  and  accep- 
tance number  (c) . Let  us  assume  that  we  can  use  the  Poisson 
approximation  and  a cut  and  try  method  of  solution.  Remember  the 
criteria  for  using  the  Poisson? 

Let  AQL  = p^ 

LTPD  = p^ 

We  know  the  n and  c must  be  selected  so  as  to  satisfy  both 
np^  and  np^.  To  begin  with  in  this  example  if  we  let  c = 0,1,2, 3, 
and  then  with  1 - a = 0.95  we  can  enter  the  cumulative 


Poisson  tables  thusly: 


sizes  of  82  and  88  are  close.  But  since  we  can  have  but  one  sanple 


size  we  can  do  several  things:  a)  use  either  82  or  88  for  n,  b)  use 


based  upon  the  relative  importance  of  points  1 and  2 (see  Figure  5.) 


Generally,  the  average  value  is  selected.  If  we  follow  this  con- 


vention our  plan  will  then  consist  of  a sample  size  of  85  and  an 


acceptcince  number  of  2.  Obviously  this  85/2  plan  does  not  exactly 


meet  our  original  specifications,  but  it  will  be  very  close.  Now 


we  must  select  enough  points  to  adequately  construct  the  OC  curve 


TABLE  1 


(LTPD) 


As  will  be  noted  the  OC  curve  does  not  pass  through  the 
specified  points  at  AQL  or  LTPD  but  is  very  close.  Now  if  we 
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decided  that  either  the  AQL  and  a or  the  LTPD  and  6 must  be  met  by 
our  plan,  then  use  n = 82  or  n = 88  respectively.  Fixing  one  point 
will  increase  the  error  at  the  other  point. 

XII.  RECTIFYING  INSPECTION 

Sometimes  it  is  economically  prudent  to  have  a sampling 
plan  that  will  control  the  quality  of  the  outgoing  product.  That 
is,  determine  the  quality  of  the  outgoing  product  as  a function  of 
the  incoming  quality  and  in  the  process  determine  the  worst  possible 
quality  that  will  be  passed  through  the  system. 

This  type  of  plan  is  generally  referred  to  as  the  rectifying 
inspection  and  the  average  outgoing  quality  (AOQ)  is  the  principle 
parcimeter.  These  plans  consist  of  sampling  each  lot  and  screening 
those  that  fail.  Think  about  this  one — if  rejected  lots  are  re- 
turned to  the  producer,  is  the  quality  of  the  accepted  lot  altered 
in  any  way?  Probably  over  time  the^pxoducer  will  improve  his  output 
and  the  equality  of  submitted  lots  will  improve,  but  this  will  take 
time.  With  our  AOQ  plan,  improvements  in  quality,  at  least  from  the 
consumer's  view,  will  be  immediate. 

Here  is  how  we  operate  the  plan: 

A.  Sample  a predetermined  n number  from  each  lot.  This  n 
can  be  determined  as  before  using  the  a,  6,  AQL,  LTPD  criteria. 

B.  Replace  all  defectives  in  the  sample  with  good  items. 

C.  If  the  lot  fails  the  inspection,  screen  the  entire  lot 
and  replace  all  defectives  with  good  items. 

With  the  above  procedure  let  us  now  investigate  our  expected 
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results.  If  the  lot  size  equals  N,  then  (fl-n)  items  wxll  not  be 
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checked  if  the  sample  passes  inspection.  And  if  the  percent  defec- 
tive is  p'  then  the  unchecked  portion  will  contain  (N-nlp'  defec- 
tives. Prom  our  previous  work  we  know  that  with  a given  plan  (n&c) 
that  the  OC  curve  v.ill  reflect  the  probability  of  acceptance  as  a 
function  of  lot  quality,  p' . From  this  we  can  conclude  that  on  an 

average  we  can  expect  to  have  P p'  (N-n)  defectives  remaining  in 

s 

the  lot  after  each  inspection.  Vie  now  define  the  average  outgoing 

quality  (AOQ)  as  the  average  number  of  defectives  remaining  in  the 

lot  after  inspection  divided  by  the  lot  size.  Or 

P p'  (N-n) 

aoq  = -^— . 

When  N is  much  larger  than  n we  can  estimate  AOQ  by  AOQ  = P p'. 

3. 

For  ease  of  calculation  let  us  use  the  sampling  plan,  n=85 
and  c=2,  that  we  derived  earlier  and  look  at  AOQ. 


Table  2 


El 

P 

P P 

a 

a 

0 

1.00 

0 

.01 

.045 

.009 

.02 

.757 

.015 

.03 

.531 

.016 

.04 

.34 

.014 

.08 

.034 

.003 

.10 

.009 

.001 

Using  the  data  in  Table  1 wo  can  plot  AOQ  versus  incoming  lot 
quality,  p' . 
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Figure  6 

The  maximum  value  in  AOQ  is  referred  to  as  the  AOQL  or  average  out- 
going quality  limit.  Note  that  for  both  very  poor  and  very  good 
lots  that  the  AOQ  is  very  good.  Naturally  if  the  quality  is  high 
on  the  incoming  that  the  outgoing  will  also  be  good.  If  incoming 
is  extremely  poor,  the  majority  of  the  lots  will  be  screened — again 
resulting  in  high  quality  output.  Think  of  several  examples  of 
when  this  type  plan  would  be  very  useful. 

Inspections  cost  money  and  management  will  often  require 
that  estimates  of  inspection  costs  be  made  prior  to  the  inspection 
of  any  quality  program.  Even  if  you  are  not  asked,  you  should  know 
how  many  items  will  be  inspected  on  an  average.  If  we  first  saimple 
and  then  screen  all  rejected  lots,  we  can  expect  to  inspect 

I = n + (N-n)  Prob  (Rejection) 

= n + (N-n)  (1-P  ) 

cL 

Let's  use  our  original  85/2  plan  for  lots  of  size  1000  & 
5000  and  plot  our  results. 
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Table  3 


10 


p' 

P 

a 

(l-P  ) 
a 

■"lOOO 

^5000 

^10,000 

0 

1.00 

0 

85 

85 

85 

.01 

.945 

.055 

135 

355 

630 

.02 

.757 

.243 

307 

1279 

2494 

.03 

.531 

.469 

514 

2390 

4735 

.04 

. 340 

.660 

689 

3329 

6629 

.08 

.034 

.966 

969 

4833 

9663 

These  results  when  plotted  are  in  Figure  6. 


P’ 

Figure  7 

Note  that  for  good  quality  lots  the  average  inspections  for  lots 
of  size  1000  are  not  5 times  as  great  as  for  lots  of  size  5000. 

But  as  the  quality  gets  very  poor  whether  1000  or  5000  size  lots 
are  selected  makes  little  difference.  In  other  words  when  quality 
is  high, larger  lots  reduce  total  inspections.  There  may  be  some 
true  savings  hero.  VgTiy  should  you  be  limited  to  "small"  lot  sizes 
and  be  unable  to  profit  by  the  "economy  of  scale"  of  big  lots? 

The  above  procedure  enables  the  analyst  to  select  from 
different  lot  sizes  the  best  or  minimum  inspection  strategy  but 
does  not  define  the  optimum  strategy  from  all  possible  lot  sizes. 

A trial  and  error  approach  will  be  required  to  optimize  this 


decision. 


p 
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However,  on  the  other  hand  if  one  is  committed  to  a lot 
size  for  one  reason  or  another  procedures  for  determining  minimum 
sample  size  are  available.  If  one  wishes  to  design  a plan  with  a 
specified  LTPD  and  2 that  minimizes  inspections, follow  the  pro- 
cedures below: 

Given:  LTDP  = 0.05 

S = 0.10 

p'=  0.01* 

N = 4000 

♦This  is  the  process  average  in  terms  of  fraction  defective.  Unless 
one  is  beginning  a new  process  or  "line"  this  average  defective  per 
lot  will  be  "known." 

how  to  select  the  minimum  inspection  one  merely  uses  the 
old  faithful  trial  and  error  procedure.  Select  an  appropriate 
range  of  trial  acceptance  numbers,  c,  (say  Q to  7) . With  these 
values  use  the  Poisson  tables  and  the  given  value  of  6 to  find  the 
np ' . Then 

-^=  n 
LTPD 

!:ext  figure  p'n  or  .Oln  in  this  case.  Again  use  the 
Poisson  tables  and  find  P^.  And  finally  the  average  total  number 
of  inspections  will  be  I = n+ (N-n) (1-P^) . 


Table  4 


c 

np' 

n 

.Oln 

P 

a 

I 

0 

2.3 

46 

.46 

.63 

1509 

1 

3.9 

78 

.78 

.82 

784 

2 

5.3 

106 

1.06 

.91 

456 

3 

6.7 

134 

1.34 

.95 

327 

4 

8.0 

160 

1.60 

.98 

237 

5 

9.3 

186 

1.36 

.988 

232 

6 

10.5 

210 

2.10 

.994 

233 

7 

11.8 

236 

2.36 

.997 

247 

i>-r 


V.'e  see  from 


and  an  acceptance  number  of  five  will  minimize  the  average  inspec 


Should  one  be  fortunate  enough  to  be  able  to  select  the  LTPD 


equal  to  0.10  then  the  Dodge  and  Roraig  Tables  could  be  used.  Note 


the  LTPD  in  these  charts  is 


If  the  total  number  of  inspections  is  to  be  minimized  and 


tlie  average  outgoing  quality  level  is  known ^ follow  the  procedure 


outlined  below 


From  previous  work  we  know  that 


(AQopNn 

N-n 


♦See  Dodge  and  Romig  tables  for 
this  value  or  Tcible  6. 


N(AOQL)  + (p 


Again  we  must  use  a trial  and  error  approach.  For  example 


Table  3 shows  the  calculations  for  a 4000  item  lot  with  incoming 
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quality  at  0.01  and  an  AOOL  of  0.02. 


c 

(P‘  n) 

m d. 

n 

P' 

p 

a 

I 

0 

.3679 

18 

.01 

.836 

671 

1 

.8408 

42 

.01 

.933 

307 

2 

1.372 

67 

.01 

.969 

189 

3 

1.946 

95 

.01 

.984 

157 

4 

2.544 

123 

.01 

.991 

158 

Table  5 reflects  that  a sample  size  of  95  and  an  acceptance 


nvimber  of  three  will  minimize  the  average  total  niimber  of  inspec- 
tions. Not  only  can  the  (P ' P n)  be  obtained  from  the  Dodge  and 

m a 

Romig  Tables  but  so  also  can  the  minimum  total  inspection  plan. 


Should  one  deal  with  sampling  plans  often  it  would  be  prudent  to 

obtain  a complete  set  of  Dodge  and  P.omig  Tables.  Should  these  be 

unavailable  use  Table  6 to  find  the  values  of  P'  P n. 

m a 


Table  6 


c 

Y 

(p'  P n) 
m a 

c 

Y 

(P‘  Pi 
m a 

0 

.3679 

6 

3.812 

1 

.8408 

7 

4.472 

2 

1.371 

8 

5.146 

3 

1.942 

9 

5.831 

4 

2.544 

10 

6.528 

5 

3.168 

11 

7.233 

XIII.  DOUBLE  AND  MULTIPLE  SAMPLING  PLANS 

Shortly  after  the  discovery  of  the  single  sampling  plans^ 
the  double  and  multiple  plans  were  developed.  These  plans  have 


two  particular  and  distinct  advantages  over  the  single  seunpling 
plans.  First  and  most  important  from  an  nconomic  vicw)»oint,  the 
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douhlc  Scunplintj  plan  will  reduce  the  total  number  of  inspections 
required  for  the  same  protection.  liaturally  the  multiple  plant 
reduce  the  total  inspections  even  more.  Secondly^  there  is  the 
psychological  lift  to  giving  a lot  a second  chance. 

Let  us  discuss  the  general  procedures  for  the  double 
sampling  plan  and  remember  that  the  multiple  is  just  more  of  the 
same.  The  procedures  follow: 

A.  Select  a sampling  plan  wdth  two  acceptance 

and  two  rejection  numbers  ^’^'^’^2'  sample  sizes 

B.  Select  a sample  (n^)  and  inspect. 

C.  If  a^  or  less  defectives  observed^ accept  the  lot, 

D.  If  or  more,  reject  the  lot. 

E.  If  more  than  a^  but  less  than  r^  defectives^  take  a 

second  sample,  n^. 

F.  If  a,,  or  less  defectives  total,  accept  the  lot. 

G.  If  r,,  or  more  defectives,  reject  the  lot. 

It  must  be  noted  that  for  double  sampling,  will  equal 
+ 1.  Graphically  our  model  could  be  depicted  as  in  Figure  8- 


Figure  8 

In  later  sections  the  MIL  STD  105  will  be  explained  and  in 
thi.s  section  actually  doulile  and  multiple  plans  will  be  demonstrated. 
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XIV.  CONTItJUOUS  SAMPLING  PLANS 

The  previous  work  depicts  sampling  plans  for  those  items 
that  can  easily  be  grouped  together  as  lots.  Unfortunately  not  all 
items  are  produced  or  are  easily  fitted  into  lots.  Often  times 
tiie  variability  of  processes  changes  with  time  or  the  number  of 
units  produced.  The  assembly,  production  lines,  or  any  conveyor 
transported  material  nay  not  lend  itself  to  grouping.  For  these 
and  other  reasons  several  excellent  continuous  plans  have  been 
developed.  The  most  widely  used  plans  were  designed  by  !!arold 
Dodge  and  would  be  included  in  any  complete  sot  of  Dodge  and  Romig 
tables . 

!,et  us  first  cxa.mj.ne  the  procedures  of  the  single  level 
continue  .s  sampling  plan.  Mr.  Dodge  has  labeled  this  plan  CSP-1 
and  the  procedures  are 

A.  Begin  by  inspecting  100%  of  the  items  until  a given 
number  (i)  of  the  successive  good  items  are  found. 

B.  After  i good  items  are  found,  begin  sampling  only  a 
fraccion  (f)  of  the  items  as  they  pass  the  inspection  point. 

C.  As  stjon  as  one  defect  is  found^  revert  to  100%  inspection 
and  begin  the  cycle  again. 

Now  let  us  take  a typical  CSP-1  plan  with  i = 100  and  f = 0.10. 

From  this  let  us  compute  the  average  fraction  inspected  (AFI),  the 
AOt  and  ,\OQL,  and  the  characteristic  curve. 

Let  p ” incoming  % iefectivc 
q - l-p 


pq 
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i 


and 


PiPI 


u+fv 

u+v 


AOQ 


P(l- 


u+fv  J 
u+v 


p 

a 


V 

u+v 


Table  7 


p 

■API 

AOQ 

P 

a 

0 

.10 

0 

1.00 

.01 

.2327 

.007673 

.8526 

.02 

.4557 

.010886 

.6047 

.03 

.7004 

.008988 

.3329 

,04 

.8682 

.005272 

.1465 

.05 

.9494 

.002530 

.0562 

Using  CSP-1  with  the  selected  i and  f one  can  see  froKi 
Table  6 that  as  quality  deteriorates  more  and  more  items  will  be 
inspected.  Also  from  the  AOQ  data^the  AOQL  can  be  determined  as 
can  the  characteristic  curve. 


This  is  the  same  lata  that  is  required  in  selecting  optimum 
plans  of  the  lot  by  lot  type,  one  merely  varies  i and  f in  order 


to  chance  API,  AOQL,  or  the  characteristic  curve. 


t 
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As  time  passed  Mr.  Dodge  designed  several  other  CSP  plans. 

The  appropriate  sources  of  this  information  are  listed  in  the  bibli- 
ography. 

XV.  SAMPLING  BY  VARIABLES 

In  the  plans  discussed  earlier  we  were  concerned  with  a go- 
no  go  decision — defective  or  acceptable.  However,  many  items 
exhibit  characteristics  that  can  be  measured  on  a continuous  scale 
and  a yes/no  decision  may  not  be  the  optimum  method  of  sampling  these 
items.  When  we  either  know  or  can  assume  a normal  distribution  of 
a characteristic^ of ten  times  it  is  more  economical  to  sample  using 
variable  plans.  The  great  advantage  to  variable  over  attribute  plans 
is  in  the  reduced  number  of  samples  generally  required  to  assure  the 
same  quality  of  inspection.  The  major  difficulty  with  variable 
plans  is  the  requirement  for  more  sophisticated  inspection  equipment 
and  more  highly  trained  inspectors,  tvhen  using  either  destructive 
or  very  expensive  inspection  procedures  the  variable  plans  will 
usually  be  used.  Let  us  examine  the  simplest  of  variable  plans  and 
then  advance  to  the  more  difficult. 

The  simplest  plan  consists  of  a single  specification  limit, 
say  the  minimimi  diameter  of  a rod.  We  will  call  this  the  lower 
limit,  L.  Graphically^ Figure  8 depicts  our  product  which  is 
normally  distributed  with  a known  and  relatively  constant  standard 


deviation. 


Area  of 
Defectives 


In  Figure  9 we  note  that  the  distributions  a,  b,  and  c have 


varying  amounts  of  defectives.  Our  objective  will  be  to  select  a 


variable  sampling  plan  that  will  accept  good  lots,  say  (a)  and 


Kith  a given  lower  limit,  L,  we  select  a sample  of  size  n 


and  measure  each  rod  diameter.  Next  we  compute  the  sample  mean,  X 


and  compare  this  with  our  decision  rule 


K = acceptance  constant 


Let  us  now  work  an  example  to  show  what  we  need  to  start 


and  our  resultant  plan 


From  our  previous  work 


LTPD 


% Defective 


AQL 


or  we  must  first  determine  our  design  requirements  as  we  did  before 
Let  a = 0.05  AQL  = = 0.02 

B = 0.10  LTPD  = = 0.08 

We  know  the  process  standard  deviation  to  be  10  and  the 
specification  lower  limit  to  be  150. 

Our  design  limits  are  reflected  in  Figure  10.  From  this 
data  we  will  calculate  the  lot  mean  values,  and  for  the 


appropriate  criteria 


,1^  Calculations 


= \ = -^.08  = 


= 150  + 1.405(10)  = 164.05 


Next  we  establish  a relationship  between  the  unknown  values 
of  n and  k and  the  given  sampling  plan  requirements,  see  Figure  11. 


Figure  II 


A.  K - ti. 


With  the  above  two  equations  we  solve  for  the  unknowns  n and  K. 
The  results  are 


Z •-  Z, 
_oi ^ 

- Z^ 

"'o 


At  this  point  in  our  analysis  a difficulty  arises  in  most 
cases  because  the  above  equation  will  not  normally  result  in  an 
integer  value.  Naturally  our  sample  size  must  be  an  integer  and 


therefore  rounding  is  required.  This  subsequently  results  in  two 


different  values  for  K.  From  our  example 


fl.282  + 1.6451 ^ 

[2.054  - I.4Q5J  W.51)  20.34 


n = 21 


From  A.  K = 170.54 


From  B.  K = 164.05  + 


— 1=  166.95 


= 166.84 


As  we  did  in  the  attribute  plans^  we  will  again  select  a 
compromise  K in  such  manner  as  to  approach  our  design  criteria.  In 
this  case  we  will  use  the  average  value,  166.90.  Should  it  be 
deemed  appropriate  either  the  a or  8 errors  could  be  used  as  exact 
criteria.  Since  these  values  are  rarely  selected  based  upon  solid 
data,  the  average  K is  usually  sufficient. 

Our  plan  now  consists  of  a sample  of  size  21  with  an 
acceptance  constant  of  166.90.  Lots  will  be  accepted  if  the  sample 
mean  is  greater  than  166.90. 

Next  we  may  wish  to  construct  the  OC  curve  for  our  plan. 

We  are  able  to  develop  two  curves — one  based  upon  percent  defective 
and  the  other  on  the  mean  value  of  the  submitted  lots. 

Figure  12  depicts  the  probability  of  acceptance  relative 
to  the  acceptance  constant . 


F inure  ] 


the  lower  limit  specification 


For  our  example  the  data  has  been  compiled  in  Table  7 which  will 


facilitate  our  const ructinq  the  appropriate  OC  curves 


Now  if  WL-  wish  to  know  tl;e  probability  of  accepting  a lot 


with  a mean  value  of  167,  wo  can  get  this  from  our  chart,  Figure  1 


Now  let  us  shift  the  distribution  so  as  to  depict  the  AQL  and  LTPD 


cases.  Unfortunately  a direct  approach  is  unavailable  and  a cut 
and  try  is  required.  Figures  17  and  18  reflect  the  results  of  the 
above  approach. 


0.00939 


-2.35 


Z 

3.21 


Figure  17 


Figure  18 


We  now  have 


= 0.498 

LTPD 


Since  shifts  of  the  means  may  be  either  up  or  down  we 


arbitrarilv  split  the  risk  and  assume  that  at  the  AOL  level  the 


at  the  LTP.V  level  the  P is  e' 


0.0018/i/n 


0.0018//n 


Eliminating  X by  subtracting  A from  B leads  to 


3.605) (.0018) 


Pictorially  our  solution  can  be  depicted  as  in  Figure 


Figure 


Uoticc  how  similar  this  pictorial  is  to  the  similar  case  using 


attribute  plans 


■iow  with  n = 42  we  calculate  X to  be  0.496456.  Assuming 


to  be  0.5015439 


symmetry  we  can  then  figure  the  upper  limi 


Thus  our  plan  will  be 


sample 


samp 


/ 

y \ 

y y 

V/Vh^  i ^ 

1 — y 

.498 

— 1 

.499 

Construction  of  the  OC  curve  is  left  as  an  exercise  for  the  student. 


So  is  the  computation  of  the  required  sample  size  using  an  attribute 
plan  that  guarantees  an  equal  degree  of  protection. 

XVI.  MILITARY  STANDARD  105D 

The  MIL-STD  105D  is  the  result  of  an  evolutionary  process 
that  began  during  World  War  II  by  the  Army  Ordnance  Corps.  The 
standard  105D  was  published  in  1963  and  has  remained  relatively 
unchanged.  This  standard  describes  not  only  a sampling  plan  but 
also  includes  the  overall  strategy  that  is  to  be  employed.  These 
schemata  are  considered  by  some  to  be  more  art  than  science  for  two 
people  given  tlie  same  entering  arguments  can  sometimes  select 
different  plans  and  procedures. 

The  standard  is  used  by  government  agencies  to  assure  that 
suppliers  provide  the  government  with  acceptable  quality  products. 
For  this  reason  the  AQL  is  the  focal  point  of  the  entire  standard. 

Generally  the  application  of  105D  follows  the  track  outlined 
below:  . 


A. 

Determine  Lot  Size. 

B. 

Select  rnspection  Level. 

C. 

Determine  Sample  Size 

Code  Letter. 

D. 

Select  Samplinq  Plan. 

E. 

Establish  Severity  of 

Inspection . 

F. 

Determine  Sample  Size 

and  Acceptance  Number 

G. 

Select  Sample. 

H. 

Inspect  Sample. 

',;ith  the  use  of  several  exarr.ples  let  us  now  track  through 


105n  and  determine  how  to  use  this  very  valuable  quality  control 
device . 

Example  1 

Given:  Single  Samplina  Plan 

Normal  Inspection 
Level  II 
N = 1500 
AQL  = 2.5% 

Pg  9:  (All  page  numbers  refer  to  page  in  MIL-STD  105D) 

II  =>1500  =>  K 
Pg  10; 


K =>  n = 125 

K =>  AQL  =;•  Ac  = 7 
Re  = 8 


Decision:  Inspect  125  units  and  accept  the  lot  if  7 or 

fewer  fail  the  inspection. 

Note:  Acceptable  Quality  Levels  (AQL) 

% Defective  vs  Defects/100  Units 
.01  to  10.0  : % Def  or  DHU 


15  to  1000  : 

% Defective  = 


DHU 

100  X Defectives 


DHU  = 


No.  Inspected 
100  X Defects* 


No.  Inspected 
♦Possibly  more  tlian  one  defect  on  a part. 


Example  2 

Oample  Size  vs  AQL.  In  selecting  Ac  and  Re  numbers  follow 
the  arrows  and  use  the  appropriate  sample  size.  With  AQL  = 0.10 


X’ 


r 


r 


k: 


r.i  > 

f \ 

■J-  ' 

1 '.  • 

1 
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the  minimum  sample  size  is  125  (pg  10) . Similarly  with  AQL  = 15 
defects  per  hundred  units  the  maximum  n = 80.  The  rule  is:  Enter 
with  sample  size  code  letter/  proceed  in  this  row  to  the  appropriate 
AQL  column  and  then  follow  the  arrow  to  Ac  and  Re  row.  Then  read 
left  to  sample  size.  Note:  If  "your"  AQL  is  not  listed  in  the 

table,  use  the  AQL  closest  but  lower  than  "your"  value. 

Example  3 

Inspection  Levels.  MIL-STD  105D  provides  the  user  with 
three  general  and  four  special  inspection  levels  that  are  based 
upon  the  amount  of  discrimination  desired.  This  discrimination  is 
reflected  in  the  ratio  of  lot  size  to  sample  size.  Normally  levels 
I,  II,  and  III  are  used  for  nondestructive  types  of  inspection, 
whereas  S-1  to  S-4  is  more  appropriate  for  expensive  or  destructive 
testing  and  where  small  samples  are  more  appropriate.  In  the 
interest  of  cost/risk  optimization  one  should  consider  the  following 
list  as  a minimum  of  things  to  consider  in  selecting  a plan. 

A.  OC  Curves  of  Different  Plans 

h.  6 and  Discrimination  Afforded 

C.  Production  Process 

r.  Process  Capability  and  History 

E.  Item  Complexity 

F.  Cost  vs  Importance  of  F:xamination 

G.  Importance  of  Quality  Characteristics 

H.  a 

The  following  exhibits  the  typical  affect  of  the  gcncrril 
inspection  level  upon  sample  size  and  acceptance  number. 
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I!  ■ 1.000  r;i. rrjlf-  ; 


AQL  = 2.0't  rJormal  Insjjoction 


Code  Letter 


General  Inspection  Level 


Similar  trends  are  also  found  under  reduced  or  tightened  insi'>ection 
and  with  double/multiple  plans. 


Example  4 


Special  Inspection  Levels.  Given  the  same  entering  argu- 
ments as  in  Example  3 the  very  significant  decrease  can  be  noted 
for  the  Special  Inspection  Levels. 


Special  Inspection  Level 


Code  Letter  C 


In  all  case.s  the  following  relationship  holds  true. 


'^S-1  '^S-2  " "s-4 


Example  5 


Inconsistencies.  \Vhen  the  sample  size  required  of  the 


specific  code  letter  is  larger  than  the  lot  size,  one  hundred 
percent  i..spection  is  required.  For  example: 


Normal  Inspection 


VJith  given  AQL  and  D the  sample  size  is  500 — screen  the  lot 


Plans.  Let  us  now  look  at  a comparison  of  the  single 


double,  and  multiple  plans 


N = 1500 


Normal  Inspection 


l->ouble 


♦These  numbers  reflect  * .u 


sample  2 


Cumulative 


♦This  sample  is  too  small  to  assure  the  required  AC*L 


Average  Sample  Size  vs  Tyjies  of  Sampling.  Table  IX  c.n  page 


relative  to  the  throe  possible  plans.  In  order  to  use  these  charts 


first  compute  the  expected  number  of  defectives  per  sample 


Next  determine  the  acceptance  number  for  the  single  sampling 


Double 


Multiple 


Note  in  Figure  20  that  going  from  single  to  multiple  sampling 


will  reduce  the  average  sample  size  to  50S  and  from  single  to 


double  to  651  in  the  example.  Care  must  be  taken,  however,  for 


inspection  time,  facilities  for  storage,  increased  record  keeping 


or  other  administrative  constraints  may  preclude  the  use  of  any 


thing  but  single  sampling 


Example  8 


Severity  of  Inspection,  MIL-STD  105D  is  so  structured  that 


as  quality  received  improves  one  may  reduce  the  inspections  and 


similarly  as  the  quality  deteriorates,  tighten  the  plan 


Reduced  vs  Normal: 


Given : 

Code  Ltr  K 

AQL  = 

2.5 

Plan 

n 

Ac  No 

Re  No 

cum 

Norm 

Red 

Norm  Red 

Norm  Red 

Single 

125 

50 

7 

3 

8 

6 

Double 

80 

32 

3 

1 

7 

5 

160 

64 

8 

4 

9 

7 

Multiple 

32 

13 

0 

* 

4 

4 

64 

26 

1 

0 

6 

5 

96 

39 

3 

1 

8 

6 

Note  that 

the  scimple 

: size 

is  reduced 

approximately 

60%  and  re; 

numbers  are  smaller 

in  the 

tightened 

case ; 

however , 

note  that 

sample  size  is  unchanged. 

Example  9 

Switching  Procedures.  Generally  it  is  advisable  to  start 
with  normal  then  follow  the  rules  below  for  switching: 

A.  Normal  to  tightened  may  be  initiated  when  2 out  of  5 
lots  fail. 

E.  Tightened  to  normal  may  be  initiated  when  5 consecutive 
lots  pass  inspection. 

C.  Normal  to  reduced  is  permitted  when 

1.  10  or  more  have  passed  and 

2.  the  total  number  of  defects  do  not  exceed  the  limit 
as  specified  on  Table  VIII,  2B.  (If  double  or  multiple  sampling 
include  all  samples  inspected.),  and 

3.  production  is  steady,  and 

4.  reduced  inspection  is  considered  desirable. 

D.  Reduced  to  normal  is  initiated  wher 
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I Gj 


^ ..  ^.,..._ 


1.  a lot  is  rejected,  or 

2.  the  acceptance  nuitiber  is  exceeded  but  the  rejecticr. 
nunber  is  not  reached , or^ 

3.  production  becomes  irregular,  or_ 

4.  other  conditions  change. 

Let  us  now  look  at  the  process  as  lots  come  out  of  the 


inspection  point: 


R = Rejected  Lot 


A 

Plan 

Normal 

Tightened 

B 

Lot  No 

1 2 3 4 5 

C 

7 8 9 

10  11 

12 

C 

Ac/ Re 

R 

R 

D 

Rule 

2 out 

Of  5 

A 

Tightened 

Noj'ma  1 

Reduced 

Normal 

B 

12  13  14  15  16 

17  - 26 

27  28  29 

* 

R 

D 

5 Good 

* G2  Defectives  in  10  lots 

Given;  AQL  = O.S’i 

n = 3150 
tot 

Table  VIII:  Limit  = 67 

Thi.s  is  a dynamic  system  that  v;ill  require  intelligent  and  well 
trained  personnel  to  make  it  w'ork.  If  you  can't  meet  these  con- 
straints then  do  not  use  this  part  of  MIL-STD  105D. 
t.xample  10 

The  AO^L  Sampling  Plan.  As  we  showed  earlier^ often  the 
consumer  want.s  to  set  an  absolute  lower  quality  limit  on  the  lots 
tKit  are  accepted.  Tables  V-A  and  V-B  can  assure  the  consumer  of 


the  desired  limit. 


134 


Given:  AOQL  = 5% 

N = 960 
Code  Ltr  = J 
n = 80 

AOQL  = F Cl  - J) 

5 = F(1  - 80/960) 

F = Value  in  Table  V 

F = 5.45% 

Enter  Table  V with  J.  Proceed  to  the  right  to  5.45  or  less,  then 
go  up  the  column  to  the  AQL.  J =>  4.0  =>  AQL  = 2.5%  , with  this 
AQL  and  code  letter  enter  Table  II  and  find  Ac/Re  (5  and  6) . 

Example  11 

Limiting  Quality  Protection.  Previous  work  has  been  asso- 
ciated with  continuous  production  of  lots  and  are  designed  with  the 
use  of  the  supplier's  risk.  If  we  are  faced  with  isolated  lots  we 
can  use  the  consumer's  risk  and  select  the  proper  plan.  Let's 
continue  with  our  example. 

Given:  N = 3600 

6 = 10% 

LTPD  = 5%  (LQ) 

betermine  Code  letter  = L 
From  Table  VI-A 

Enter  at  Code  Ltr  = L and  proceed  to  a value  equal  to  or 
less  than  LQ  (5%).  In  this  case  4.6  is  the  largest  value  less  than 
5.  Now  proceed  up  to  column  top  where  AQL  = 1.0.  Now  to  Table 
II-A  with  AQL  and  Code  letter  to  find  n,  Ac,  and  Ro  which  are  200, 
5,  and  6 respectively. 


r 


Example  12 


Combining  LQ  and  AQE.  As  we  have  done  previously^  we  wish 
to  select  a plan  that  meets  both  producer  and  consumer  requirements. 
Figure  21  depicts  typical  entering  arguments. 


i 



} 3 = 5% 

% defective 

Figure  21 


Given:  AQ.L  = 4% 

LQ  = 10% 

N = 2000 


Level  II 
e = 5% 


The  procedure  consists  of  finding  acceptance  and  rejection 
numbers  for  both  plans  and  selecting  the  smaller  set.  This  will 
assure  the  users  of  at  least  the  minimum  protection  required,  but 
normally  will  not  exactly  satisfy  both  risks. 

Once  this  section  has  been  mastered  the  student  can  consider 
himself  to  be  well  versed  in  the  workings  of  attribute  sampling 
plans  that  are  used  by  the  Defense  Department  and  industry. 

Since  practice  makes  perfect  or  some  such  thing^we  have 
included  the  following  set  of  Quality  Control  problems  for  student 


A.  Given:  n = 100 

c = 2,3,4 

1.  Construct  the  3 OC  Curves 


2.  Construct  the  3 AOQ  Curves 

3.  Determine  Worst  Quality  (AOQL)  for  each  plan. 

B.  Design  a Plan:  a = £ = .10 

AQL  = .01 
LTPD  = .10 


1.  Find:  n and  c 

2.  Find:  Prob  of  accepting  a lot  with  5%  defectives. 

C.  Use  MIL-STD  105D 

Given:  N = 500,  Level  II,  AQL  = 1.5% 

1.  Select  Plan 

2.  If  3 out  of  first  five  lots  fail  inspection,  what 
action  should  be  taken.  New  plan? 

D.  Variable  Plan 


a = .05 


AQL  = .01 


B = .10 


LTPD  = .10 


Lower  Limit  = 100 
a = 10 

1.  Design  Plan:  n= 

k= 

2.  What  is  n and  k? 

E.  Show  that  witli  AOQL  = 2%,  N = 1000,  p'  = 1%  . A plan 
of  n = 65  and  c = 2 will  mininizo  the  ATI. 

F.  With  an  accpetance  no.  = 3 select  the  sample  size  that 

will  result  in  an  AOQL  = 2%  aiid  p'  = .03  . 

m 


G.  Compare  sample  sizes  of  single,  double,  and  multiple 


for  N = 300,  AQL  = 2.5%,  do  same  for  tichtened  and  reduced. 
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H.  VJitii  t;  - 350,  = .05,  LTPD  = .10  and  a j-jraces::  average 

2't  compute  ATI . 

I.  With  I!  = 1000  (Code  J)  AQL  6.5%  AC  = 5 9 

AC  = 12  13 

n = 50/50 

Start  in  Normal 

From  random  No.  Table  - Use  Last  Digit  - Get  No.  of  Def 
in  sample 


Lot  # 

1 

o 

1 

3 

4 

1 

etc 

No.  Def  in  n^ 

i 

I 

^2 

1 

I j 

i 

Norma 1/Red uced/Tightenod 
Sometimes  will  not  be  used 

J.  Lt  Min  E.  Sample  wants  to  design  a sampling  plan  that 
will  have  producer  and  consumer  risks  at  0.10.  He  figures  that  a 
2%  defective  lot  can  be  considered  "good"  and  an  8%  defective  lot 
is  "bad".  His  lots  will  be  very  large  compared  to  his  expected 
sample  size.  Capt  Drognauaht  III  wants  to  know  the  probability  of 
accepting  a lot  that  is  5';  defective  with  the  plan  designed  by  the 
lieutenant.  Co.mpute  n,  c,  and  answer  the  captain's  question. 

K.  Using  MIu-STD  laSb 

1.  delect  a sinalo  sampling  plan  (attribute)  for  a 
lot  of  size  50C0  with  ii.sp-ection  level  II  and  an  Afb  of  1.5%. 

2.  U till  Zina  the  above  :dan  resulted  in  2 out  of  the 
first  five  lots  being  rejected.  wTiat  action  should  be  taken  if  any. 
If  a new  plan  should  be  selectees^  what  is  it? 
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L.  Major  Eye  M.  A.  Brain  wants  to  use  a variable  sampling 
plan  to  QC  the  headquarters  paper  flow  for  last  year.  His  head- 
quarters must  turn  out  100  letters  per  day  to  be  satisfactory  and 
he  knows  that  the  standard  deviation  of  letters  per  day  is  20.  He 
will  take  a = .05  and  S = .10,  AQL  = .01  and  bTPD  = .10.  With  the 
above  constraints  how  many  days  would  make  up  the  sample  and  what 
would  be  the  accept/reject  constant? 

M.  Show  that  with  AOQL  = 2% 

N = 1000 

Process  Ave  = 1% 

an  n = 65  and  c = 2 will  minimize  the  ATI.  Also  compute  ATI  for 
this  plan. 

N.  You  have  been  assigned  to  set  up  an  inspection  plan  for 
large  quantities  of  ammunition  coming  aboard  your  ship.  Because  of 
your  outstanding  training  program,  no  defectives  would  be  missed  in 
screening  or  in  sampling.  Shop  replacement  costs  and  inspection 
costs  are  estimated  at  $10.00  and  $.10  respectively.  Because  of 
the  packaging  situation,  you  have  determined  that  lot  sizes  of  500 
would  be  appropriate.  Higher  authority  has  dictated  that  you  will 
either  sample  or  screen  the  incoming  lots.  You  will  use  a General 
Inspection  Level  of  II,  and  AQL  of  2.5%.  You  also  can  expect  the 
percent  defectives  in  the  lot  to  be  4%. 

1.  Determine  the  minimum  cost  plan  (screen  or  sample). 


2.  Determine  the  cost  oer  unit  under  your  plan  selected 


in  1 . 
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3.  Undex  your  plan,  what  would  the  total  coe‘  per  lot 
ax.ount  to  if  the  incoitinq  quality  inproved  to  1%  defective? 


O.  As  a member  of  an  inspection  team,  you  have  been  asked 

to  determine  the  worst  quality  that  can  be  expected  to  flow  from 
the  following  rectifying  inspection  plan:  n = 100,  c = 3. 

1.  Determine  worst  quality  that  can  flow  out  of  this 

inspection  system.  . 

2.  How  would  increasing  the  sample  size  to  200  and 

the  acceptance  number  of  6 affect  1.  above? 

P.  Select  a double  sampling  plan  based  upon  the  following 

criteria : 

General  Inspection  Level  - II 
Lot  size  - 3000 

AQL  -1.5 

with  your'  plan,  inspect  the  following  lots  and  take  appropriate 
action. 

r 

■uot  P 1 2 3 4 5 6 7 8 0 10  11  12  13  14  15  16  17  13  19  20 

A3  * 61424201  31023213235 

B214223132  12410  2*'l  4 12  0 

A = Def  in  First  Sample 
B = Def  in  Second  Sample  (when  used) 

! Plans  i ! I 


Start  Inspection  at  Normal 

1 . Switch  to  for  Iiat  B 

2.  Switch  to  , for  Lot  # 


3 .  Switch  to 


4.  Switch  to 


5.  Switch  to 


evaluate  the  combat  capability  of  the  SAC  force.  He  wants  a plan 


that  will,  95%  of  the  time, identify  a good  rating  of  .01.  He  is 


also  concerned  about  a bad  rating  of  .10  and  will  accept  this  bad 


rating  as  good  only  5%  of  the  time.  Each  aircrew  that  is  evaluated 


receives  a score  with  the  lower  limit  (minimum  passing  score)  being 


100  points.  Recent  exercises  indicate  a standard  deviation  of  5 is 


representative  of  the  SAC  crews  evaluated  under  this  system. 


1.  Develop  a variable  sampling  plan  that  will  meet 


ClNCSAC's  objectives 


In  your  ovm  words,  state  what  n and  k are  in  this 


problem 


The  student  is  also  advised  to  review  the  problems  on  page 


262-3  in  "Quality  Control  for  Managers  and  Engineers"  by  E.  G 


Kirkpatrick 
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Circle  Correct  Answer: 

a.  At  a given  P',  as  the  sample  size  increases,  the  P (increases, 
decreases) . 

b.  The  c for  is  (less  than,  more  than)  the  c for  Q 

c.  If  when  constructing  O.C.  curves  the  AQL  and  the  a error 
remain  constant  what  happens  to  the  n error  as  the  sample 
size  increases  (gets  smaller,  gets  larger) . 


S.  On  the  average,  what  would  be  the  costs  associated  with 
inspecting  a lot  if  rectifying  inspections  would  be  used 
for  the  following  data: 

N = 1000 

Cost/Inspection  = $0.01 

C = 6 

AOQL  = 2% 

P = 90% 
a 

Cost  = 


T.  The  Big  Mushroom  Counter  has  designed  a sampling  plan  of 
n = 100  and  c = 1.  If  AQL  and  LTPD  are  0.01  and  0.04 
respectively,  what  are  the  a and  6 risks? 


a 


Use  MIL-STD-105D  for  questions  4 and  5. 

Given:  N = 4000 

AQL  = .25% 

Level  = II 

Multiple  Sampling  Plan 


a.  Find:  n 

1 

1 

Ac 

i 

Re 

b.  If  the  number  of  defects  follows  this  pattern,  state  the 
proper  course  of  action. 


SAMPLE 

1 

2 

3 

4 

5 

6 
7 


DEFECTS 

0 

1 

1 

0 

2 

1 

3 


ACTION 


Estimate  the  average  double  and  multiple  sample  sizes  given 
n = 100,  C - 10,  and  2%  defectives. 
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M1L-STD-1C5D 
NOTICE-1  (NAVY) 
1 Nov«Bb«r  1963 


MILITARY  STANDARD 
SAMPLING  PROCEDURES  AND  TABLES 
FOR  INSPECTION  BY  ATTRIBUIES 


The  designations  used  for  Inspection  Levels  in  M1L-STD-105D  differ  fro« 
these  in  the  previous  issue,  M1L-STD-105C.  This  notice  is  issued  as  an 
InUrria  aensuro  to  provide  conversion  inforaation,  as  follows: 


For  Specified  Staall 

Use  Special 

Seaple  Inspection 

Inspection  Level 

level  M1L-STD-10« 

MIL-STD-IOSD 

L-1  and  L-2 

S-1 

L-3  and  L-4 

S-2 

L-5  and  L-6 

S-3 

L-7  and  L-S 

S-4 

Preparing  Activity: 
Navy-Wops 


☆ U.  S.  GOVERNMENT  PRINTING  OFFICE:  1971  -433-«96/474« 


MIL-STD-105D 

Chansc  Notice  S 

80  March  1964 


✓ 


MILITARY  STANDARD 

SAMPLING  PROCEDURES  AND  TABLES  FOR  INSPECTION 

BY  ATTRIBUTES 

TO  AIJ.  ACTIVITIES: 

1,  The  following  corrections  should  be  made  to  MIL->STD-105D: 

(a)  Page  li,  lines  2,  3,  and  4:  Change  to  read  “Recommended  corrections,  additions  or 
deletions  should  be  addressed  to  Director  of  Quality  Assurance,  U.S.  Army  Edgewoud  Arsenal, 
ATTN;  SMUEA-QA-E,  Edgewood  Arsenal,  Md.,  21010.” 

(b)  Page  S,  paragiaph  3.2,  line  3:  Change  “hunderd”  to  read  “hundred”. 

(c)  Page  4,  paragraph  6.4,  line  9 Change  “for”  to  read  “only”. 

(d)  Page  5,  paragraph  8.2,  line  5:  Change  “batchs”  to  read  “batches”. 

(e)  Page  5,  paragraph  8.2,  line  6:  Change  “require  change”  to  read  “require  a change”. 

(f)  Page  6,  paragraph  8.2,  lines  6,  7,  and  8;  Delete  the  sentence  that  reads, “The  switching 
procedures  given  below  require  a change”. 

(g)  Page  7,  paragraph  10.1,  lines  5 and  6:  Change  “10.1.3,  10.1.4,  and  10. 1.. 5”  to  read 
“10.1.3  and  10.1.4".  Delete  reference  to  10.1.5. 

(h)  Page  8,  paragraph  11.1,  line  2:  Change  “larger  then  80”  to  read  “larger  than  80". 

(i)  Page  9,  table  I:  Add  the  following  footnote  beneath  table  I: 

Cvnpcri  to  that 


NoU.  Small  tampUinoptctio/ulmU  of  MIL-STl>-l06C  imptelion  ItrcU 

L -1  and  L-2 - — S-1 

L-3andL-4 S-2 

L-5  and  L-6 S-.3 

L-7andL-8 S-4 


(j)  Page  29,  table  IX,  vertical  scale  on  three  charts;  Change  "Yin,  Kn,  )in”  to  read  “ 75n, 
.50n,  .26n”. 

(k)  Page  36,  table  X-D-1:  Add  footnote,  “Note;  Binomial  distribution  used  for  percent 
defective  computations;  I’oisson  for  defects  per  hundred  units”. 

(l)  Pa</c  4^1  fahle  X -J-1:  Change  footnote  to  read,  “Note:  Binomial  distribution  used  foe 
percent  defective  computations;  Poisson  for  defects  per  hundred  units". 

(m)  Page  48,  table  X-K-1:  For  Pa=75.0  and  AQL=0.65,  change  “0.382”  to  read  “1.382’ 

(n)  Page  62,  table  X-M-1:  In  line  below  row  of  AQL  values,  change  “dejects”  to  read 
"defects”. 

(o)  Page  54,  table  X-N-1:  In  the  footnote,  change  “Pisson”  to  read  “Poisson”. 

(p)  Page  66,  table  X-P-1 : In  the  footnote,  change  “Poission”  to  read  “Poisson”. 

(q)  Page  63,  for  the  term  Reduced  inspection;  Change  paragraph  references  from  “8.2  and 
8.3.3”  to  read' “8.2,  8.3.3  and  10.1.4”. 

(r)  Page  64,  mailing  address  for  the  U.S.  Government  Printing  Office:  Delete  reference  to 
zone  25  and,  after  D.C.,  add  tlie  ZIP  code  “20402”. 

2.  The  following  is  a cumulative  list  of  earlier  changes:  Notice  1 (Navy)  dated  1 November 
1963  provided  a table  of  conversion  from  the  small  sampb'  inspection  levels  (L-1,  L 2,  etc.)  of 
MIL-.'^TD -105C,  to  the  special  inspection  levels  (S-l,  etc.)  of  MIL-STD-lOoD.  The  same  con- 
version information  is  covered  by  correction  l(i)  above  to  page  9,  table  I. 

3.  Retain  this  notice  and  insert  before  the  tabli  rd  contents. 

4.  Holders  of  MIL-STD-105D  will  verify  that  coirections  indicated  above  have  been  ciitcred 
and  will  destroy  the  previous  notice,  .\ctivities  which  stock  these  notices  for  issue  are  warn'sl 
that  each  notice,  together  with  its  apiiei.ded  revised  pages  if  any.  is  in  effect  a separate  piiblii  a'i -ii 
to  be  retained  until  the  military  standard  is  completely  revised  or  canceled. 
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SAMPLING  PROCEDURES  AND  TABLES 
FOR  INSPECTION  BY  ATTRIBUTES 


1 . SCOPE 


1.)  PURPOSE.  This  publication  estab- 
li.shcs  sampling  plan.s  and  procedures  for 
inspection  by  attributes  When  specified  by 
the  responsible  authority,  this  publication 
shall  be  referenced  in  the  specification,  con- 
tract, inspection  instructions,  or  other  docu- 
ments and  the  provisions  set  forth  herein 
.shall  govern  The  “responsible  authority" 
shall  be  designated  in  one  of  the  above 
documents 

1.7  APPLICATION.  Sampling  plans  des- 
ignated in  this  publication  are  applicable,  but 
not  limited  to  inspection  of  the  following 

a End  Items 

b Components  and  raw  materials 
c Operations 
d Materials  in  process 
e Supplies  lu  storage 
f Maintenance  operations 
g Data  or  records 
Vi  Administrative  p.-ocedures 


The  plans  may  also  he  used  for  the  inspection 
of  isolated  lots  or  batches,  but,  in  this  latter 
case  the  user  is  cautioned  to  consult  the 
operating  characteristic  curves  to  find  a plan 
which  will  yield  the  desired  protection  (see 
11  6). 

13  INT'^ECTlON.  Inspection  is  the  proc- 
e.s.s  of  measuring  examining,  testing,  or 
(/therw’ise  comparing  the  unit  of  product  (see 
1 b)  with  the  requirements 

14  INSPECTION  B>  ATTRIBUTES  In- 
spection by  attnl  utes  i.s  inspection  whereby 
either  the  unit  of  product  is  classified  simply 
as  defective  or  iiondefective,  or  the  number 
of  defects  in  the  unit  of  product  is  counted 
with  respect  to  a given  requirement  or  set 
of  requirements 

15  UNIT  OF  PRODUCT  The  unit  of 
product  IS  the  thing  inspected  in  order  to 
determine  its  dassit-.c.iuon  as  defective  or 
i.ondefcctive  or  cou-t  the  number  of  de- 
fer'ls  I 1.  ..y  he  a single  article,  a pair,  a set, 
a le  \f,  ..  an  ,.rea,  ; u ''ppr.d ion,  a volume,  a 
com,  ' lent  o an  e id  product,  or  the  end 
pr.Kiuct  Itself  i'h.  U'.n  if  product  may  or 

• ly  not  be  tin  same  as  the  unit  c.f  purchase 
supply,  proouction,  or  si'.ipmv.  ' 


Thf.se  plans  are  intended  primarily  i.  oc 
used  for  a continuing  senes  of  lots  or  batches 
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2.  CLASSIFICATION  OF  DEFECTS  AND  DEFECTIVES 


2.1  METHOD  OF  CLASSIFYING  DEFECTS. 

A ■ las.sification  of  clofeits  is  the  enumeration 
of  possible  defects  of  the  unit  of  jiroduct 
classified  according  to  their  seriousness.  A 
defect  is  any  nonconfortnance  of  the  unit  of 
product  with  specified  requirements  Defects 
will  normally  be  grouped  into  one  rr  more 
of  the  following  clas  es,  however,  defects 
may  be  grouped  into  o'her  classes,  or  into 
subclasses  within  these  classes 

2.1.1  CRITICAL  DEFECT.  A critical  de- 
fect is  a defect  tha  judgment  and  experience 
indicate  is  likely  to  r*'sult  in  hazardous  or 
unsafe  conditions  f r r individuals  using, 
maintaining,  or  depending  upon  the  product; 
or  a defect  that  judgment  and  experience 
indicate  is  likely  to  prevent  performance  of 
the  tactical  function  of  a major  end  item  such 
as  a ship,  aircraft,  t.mk,  missile  or  space 
vehicle.  NOTE  For  a special  provision  re- 
lating to  critical  defects,  see  6.3 

2.1.2  MAJOR  DEFECT.  A major  defect 
IS  a defect,  other  than  critical,  that  is  likely 
to  result  in  failure,  or  to  reduce  materially 
the  usability  of  the  unit  of  product  for  its 
intended  purpose 


2.1.3  MINOR  DEFECT.  A ininm  defect 
is  a defect  that  is  not  likely  to  reduce  ma- 
terially the  usahility  of  the  unit  of  product 
for  its  intended  purpose,  or  is  a di  parture 
from  established  standards  having  little  bear- 
ing on  the  elTective  use  or  operation  of  the 
unit. 

2.2  METHOD  OF  CLASSIFYING  DEFEC- 
TIVES. A defective  is  a unit  of  product  which 
contains  one  or  more  defects.  Defectives  will 
usually  be  classified  as  follows: 

2.2.1  CRITICAL  DEFECTIVE.  A critical 
defective  contains  one  or  more  critical  de- 
fects and  may  also  contain  major  and  or 
minor  defects  NOTE  For  a special  provi- 
sion relating  to  critical  defectives,  see  6 3 

2.2.2  MAJOR  DEFECTIVE.  A major  de- 
fective contains  one  or  more  major  defects, 
and  may  also  contain  minor  defects  but  con- 
tains no  critical  defect 

2.2.3  MINOR  DEFECTIVE.  A minor  de- 
fective contains  one  or  more  minor  defects 
but  contains  no  critical  or  major  defect. 


3.  PERCENT  DEFECTIVE  AND 

3.1  EXPRESSION  OF  NONCONFORM- 
ANCE. The  extent  of  nonconformance  of 
product  shall  be  expressed  either  in  terms 
of  percent  defective  or  in  terms  of  defects  per 
hundred  units. 

3.2  PERCENT  DEFECTIVE.  The  percent 
defective  of  any  given  quantity  of  units  of 
product  IS  ntf  huriderd  times  the  number  of 
defective  units  of  product  contained  therein 
divided  h>-  the  total  number  of  units  of  prod- 
uct, I e 


DEFECTS  PER  HUNDRED  UNITS 

NiilTil.ff  of  H*  fiTliVi  s 

o(  im.t . .hsp...  u-d 

3.3  DEFECTS  PER  HUNDRED  UNITS.  The 

number  of  defects  per  hundred  units  of  any 
given  quantity  of  units  of  product  is  one 
hundred  times  the  number  of  defects  con- 
tained therein  (one  or  more  defects  being 
possible  in  any  unit  ol  product  1 divided  by 
the  total  luimher  of  units  of  product,  i e 

Drfccts  p-r  Nun.U'T  of  drti-cU 

liundrrd  units  Nuinlipr  .if  uniLs  mspericd 
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4.  ACCEPTABLE  QUALITY  LEVEL  (AQL, 


4.1  USE.  The  AQ[..  together  with  the 
Sample  Size  Code  Letter,  is  used  for  index- 
ing the  sampling  plans  provided  herein 

4.2  DEFINITION,  The  AQL  is  the  max- 
imum percent  defective  (or  the  maximum 
number  of  defects  per  hundred  units)  that, 
for  purposes  of  sampling  inspection,  can  be 
considered  satisfactory  as  a process  average 
(see  112). 

4.3  NOTE  ON  THE  MEANING  OF  AQL. 

When  a consumer  designato.s  some  specific 
value  of  AQL  fm-  a certain  defect  or  grouji 
of  defects,  he  indicates  to  the  supplier  that 
his  (the  consumer's)  acceptance  sampling, 
plan  will  accept  the  gre.it  majority  of  ihe  lots 
or  batches  that  the  supplier  submits,  pro- 
vided the  process  average  level  of  percent 
defective  (or  defects  per  hundred  units)  m 
these  lots  or  batches  he  no  greater  than  the 
de.signated  value  of  AQL  Thus,  the  AQL. 
IS  a designated  value  of  percent  defective  (or 
defects  per  hundred  units)  that  the  consumer 
indicates  will  bo  accepted  most  of  the  time 
by  the  acceptance  sampl  nt’  procedure  to  be 
used  The  sampling  plan  ■ provided  herein 
are  so  arranged  that  the  probability  of  ac- 
ceptance at  the  designated  AQL  value  de- 
pends upen  the  sample  size,  being  generally 
higher  for  large  samples  than  for  small  ones, 
for  a given  AQL  The  AQL  alone  does  md 


describe  the  protection  to  the  consumer  for 
individual  lots  or  batohes  but  more  din-ctly 
relates  to  what  might  be  expec1e<l  from  a 
senes  of  lot.'  or  bati  hes,  provided  the  steps 
indicated  in  this  )jublicalion  are  taken  It  is 
necessary  to  refer  to  the  operating  charactei- 
istic  curve  of  till  plan,  to  determine  wh  it 
protection  tiie  consumer  will  have 

4.4  LIMITATION  The  desigi.ation  of  an 
•AQL  shall  not  imiiiy  that  the  supplier  has 
th<’  right  to  sujiply  knowingly  any  defective 
unit  of  product 

4.5  SPECIFYING  AQLo  The  AQf  to  1 e 
used  will  be  designated  in  the  contiact  or  by 
the  responsible  aulhoritv  Different  A()Ls 
ma>  lie  de-  igii.ited  for  groups  of  defects  eon- 
'idered  . ollecti'  elv . or  for  iiiihvidual  defects. 
.All  ,A(j1j  for  a gi  aip  of  defect.s  may  be  des- 
ign.Ued  m additn'ii  to  A(JLs  for  individual 
defects,  or  subgroups,  within  tliat  group 
,At)l.  v.  lues  ot  1(1  (I  or  less  may  be  i-xi>ressed 
either  in  perconl  defective  or  in  defects  per 
hundred  units;  tlios<‘  over  10  0 shall  !»•  ex- 
pressed in  def.'Cts  per  hundred  units  only 

4.6  PREFERRED  AQLs.  The  values  of 
AtJLs  given  lu  tbe.se  tables  are  known  as 
preferred  .AQL-.  If  for  any  produet,  an  .AQL 
be  designated  other  than  a preferred  AQL, 
these  tables  are  not  applicable 


5.  SUBMISSION  OF  PRODUCT 


5.1  LOT  OR  BATCH.  The  term  lot  or 
batch  shall  mean  "inspection  lot  or  “inspcc 
tion  batch,  i e . a culh  ■ >n  ol  nn.ts  ni  pr, .d 
■ict  from  whid.  a .latnplc  is  to  be  diai.n  nd 
inspected  to  determirio  conformance  .wt,.  iho 

acceptability  criteria  and  may  differ  troin  a 
collectton  of  innls  designated  as  a lot  or  hatch 


(or  othc  purposes  (eg,  production,  ship- 
ment, etc). 

5.2  FORMATION  OF  LOTS  OR  BATCHES. 

The  product  shall  be  a>.simbled  into  uicnti- 
I.  .bio  lots,  subiols,  I .liihes.  or  in  ■■ueb  other 
manner  as  may  be  prescribed  (se  ■ .)  4)  b.ach 
lot  or  batch  sh.dl,  as  fai  as  is  practicable. 
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5.  SUBMISSION  OF  PRODUCT  (Continued) 


consist  of  unit  . of  [ rocluct  < l a sini'lc  typo. 
Rr.fiio,  . lass  '■we.  and  .'oinposilioi  rnaiiu- 
factuiiMi  under  cssi’nti.uly  the  sain*'  condi- 
tions and  at  essentially  the  same  time 

5.3  LOT  OR  BATCH  S'Zt.  The  lot  or 
batch  sr/e  is  the  number  of  units  of  product 
in  a lot  or  batch 

54  PRESENTATION  OF  LOTS  OR 
BATCHES.  ri  e formation  of  the  lots  or 


batches,  lot  or  batch  size,  and  tlie  rnanner 
in  which  each  ’ot  oi  batch  is  to  be  presented 
and  identified  by  the  supplier  shall  be  'cs- 
ignated  or  approved  by  the  responsible  au- 
thority As  necessary,  the  supplier  shall 
provide  adequate  and  suitable  storage  space 
for  each  lot  or  batch,  equipment  needed  for 
proper  identification  and  jiresentation,  and 
personnel  for  all  handling  of  product  re- 
quired for  drawing  of  samples 


6 ACCEPTANCE  AND  REJECTION 


6 1 ACCEPT  A0I  LIT  Y OF  LOTS  OR 
BATCHES.  Acccptabili'.',  of  a lot  or  batch 
will  be  determined  by  the  use  of  a sampling 
plan  or  plans  associated  with  the  designated 
AQL  or  AQLs 

6 2 DEFECTIVE  UNITS.  The  right  is  re- 
served to  reject  any  unit  of  product  found 
defective  during  inspection  whether  that 
unit  of  product  ferms  part  of  a sample  or 
not,  and  whether  the  lot  or  hatch  as  a whole 
IS  accepted  or  rejeoed.  Rejected  units  may 
be  repaired  or  corrected  and  resubmitted  for 
inspection  with  the  approval  of,  and  in  the 
manner  specified  by,  the  responsible  au- 
thority 

6 3 SPECIAL  RESERVATION  FOR  CRITI- 
CAL DEFECTS.  The  supplier  may  he  required 
at  the  discretion  of  the  resjionsible  authority 
to  inspect  ..very  unit  of  th^'  lot  or  batch  for 

7.  DRAWING 

7 1 SAMPLE.  A sample  consists  of  one 
or  more  units  of  product  dr.iw  i from  a lot  or 
batch,  ih"  units  of  the  samjile  being  selected 
.it  random  without  regard  to  their  quality 
The  number  of  units  of  product  in  the  s, ample 
IS  the  sample  size 


critical  defects  The  right  is  reserved  to  in- 
spect every  unit  submitted  b the  supplier  for 
critical  defects,  and  to  reject  the  lot  or  batch 
immediately,  when  a critica  defect  is  found. 
The  right  is  reserved  also  to  sample,  for  crit- 
ical defects,  every  lot  or  batch  submitted  by 
the  supplier  and  to  reject  any  lot  or  batch 
if  a sample  drawn  therefrom  is  found  to  con- 
tain one  or  more  critical  defects. 

6.4  RESUBMINED  LOTS  OR  BATCHES. 

Lots  or  batches  found  unacceptable  shr.il  be 
resubmitted  for  reinspection  only  after  all 
units  are  re-examined  or  retested  and  all  de- 
fective units  are  removed  or  defects  cor- 
rected The  responsible  authority  shall  deter- 
mine whether  normal  or  tightened  r spection 
shall  be  used,  and  whether  leinspe  tion  shall 
include  all  types  or  classes  of  defects  or  for 
the  particular  types  or  classes  of  defects 
which  caused  initial  rejectii.m. 

01=’  SAMPLES 

7.2  REPRESENTATIVE  SAMPLING.  When 
appropriate,  the  number  of  units  in  the  sam- 
ple shall  be  selected  in  proportion  to  the  size 
of  sublots  or  subbatches,  or  parts  of  the  lot  or 
b.itch,  identified  by  some  rational  criterion 
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7.  DRAWING  OF  SAMPLES  (Continued) 


When  representative  sampling  is  used,  the 
units  from  each  part  of  the  lot  ot  hatch  shall 
be  selected  at  random 

7.3  TIME  OF  SA.MPLINO.  Samples  may 
be  drawn  after  all  the  units  comprising  the 
lot  or  batch  have  been  assembled,  or  sam- 


ples may  be  drawn  during  assemVdy  of  tli 
lot  or  batch, 

7.4  DOUBU;  OR  MULTIPLE  SAMPLING 

When  double  or  i lultiple  sampling  is  t>  !. 
used,  each  sample  shall  be  selected  ovr  r t!  • 
entire  lot  or  bate  v 


8.  NORMAL,  TIGHTENED  AND  REDUCED  INSPECTION 


8.1  INITIATION  OF  INSPECTION.  Nor- 
mal inspection  will  be  used  at  the  start  of 
inspection  unless  otherwise  directed  by  the 
responsible  authority 

8.2  CONTINUATION  OF  INSPECTION 

Normal,  tightened  or  reduced  inspection 
shall  continue  unchanged  foj-  each  class  of 
defects  or  defectives  on  successive  lots  or 
batchs  except  where  the  switching  proce- 
dures given  below  require  change  The 
switching  procedures  given  below  require  a 
change  The  switching  piocciiui-'s  >hall  be 
applied  to  each  class  of  deiecUi  or  defi  lives 
independently 

a. 3 SWITCHING  PROCEDURES. 

8.3.1  NORMAL  TO  TIGHTENED.  When 
normal  inspection  is  m ’ITect,  lightened  .n 
spection  shall  he  instituted  when  2 out  of  a 
consecutive  lots  or  batches  have  hern  re 
jeeted  on  original  inspection  (ie,  ignoring 
resubmitted  lots  or  batches  for  this  proce- 
dure) 

8.3.2  TIGHTENED  TO  NORMAL.  When 
lighleneil  inspection  is  in  elTcct,  normal  in- 
spection shall  be  instituted  when  .')  consei  u- 
tive  lots  or  batches  have  be>n  eonsidered 
aceeptahle  on  original  m>»peitioii 

8.3.3  NORMAL  TO  REDUCED.  When 
normal  inspectean  n-  in  efTfi.-t  icduccd  n.s|  'V 
tion  shall  be  instituted  p'oviding  th.tl  <d'  d 
the  following  conditions  arc  satisf.ed 


a The  preceding  10  lots  or  ball  In-  (■  t 
more,  as  indicated  by  the  noif  to  T.ilde  Vili  i 
have  been  on  no  mal  in.spection  and  none 
has  been  rejected  m original  inspection,  and 

b.  The  total  n imber  of  defectives  (or  de- 
fects) in  the  samples  from  the  preced.ng  10 
lots  or  batches  (ot  such  other  number  as  w is 
used  for  conditioi  "a"  above)  is  equal  to  or 
less  than  the  ap.ihcable  number  given  in 
"fable  VllI  If  di  able  ,ir  multiple  sampling 
i.  in  use,  ail  sanv,  les  insiiected  should  be  in- 
cluded, not  'Tust  ' samples  on!\-,  and 

c Fnjflijctioit  >s  al  a s'eady  rate,  .md 

d Reduced  inspection  is  cons'd'  ' '.d  ue- 
sirable  by  the  responsible  autli. u it;-,- 

8.3.4  REDUCED  TO  NORMAL.  When  re- 
duced inspection  is  in  effect,  normal  insj'ec- 
tion  shall  be  mstiiulad  if  any  of  the  follow  mg 
occur  on  ungm.c  msjiee’im' 

a A lot  ,11  i.iuh  IS  re  ected  or 

b A lot  or  fcitch  IS  Coil  ,ider<  d iccc|»t.d>)>- 
imdi  I the  jiioceduics  of  0 14  or 

c Production  becoirv  irngular  or  il<'- 
!a\ed,  or 

d Otl'.er  conditious  w.urant  that  noi.c.il 
ursjiection  shall  he  .i..:'it.  ted 

ii  4 Ol$CONIlNUAT|f"tN  OF  INSPECTION 

111  the  e'vgjit  that  10  coiisis  utive  lot  , or 
h,ilche>-  n-rri'm  on  . ' led  msport  nn  V.r 
sudh  othei  n.'  l ■ m In-  dosigo.itec  h\ 
'll  ’ I'.'.'.noosil  i.  ii  Mo-iilv  . i;e;-o- Moil  ii  . lei 
the  |iioVi- loji.i  of  '.M.'.  d .cum  .1  sb  n.l.  be 
' .1,1  tin  led  f;co.lii  iciioii  to  iinpinc  tiie 

quality  ol  .ubmittci  m I'-.riai 


9.  SAMPLING  PLANS 


9.1  SAV.PLING  PLAN.  .A  sampling  plan 
mdiCoUs  the  nambi^r  of  unit.s  of  product 
from  each  lot  or  ba’ch  which  are  to  be  in- 
spcrteil  (sample  si.  e or  serie.*-  of  sample 
sizes  1 :.nd  the  critf  ia  for  determining  the 
dcceptaliility  of  the  ot  or  batch  (acceptance 
and  rep  ct’on  numbers) 

9.2  INSPECTION  LEVEl.  The  inspection 
level  determines  the  relationship  between 
the  lot  or  batch  sii.e  and  the  sample  size.  The 
inspection  level  co  be  used  for  any  particular 
requirement  will  be  prescribed  by  the  re- 
sponsible authority.  Three  inspection  levels: 
I,  II,  and  III,  are  given  in  Table  I for  general 
uSe  Unless  otherwise  specified.  Inspection 
Level  II  will  be  used.  However,  Inspection 
Level  I may  be  specified  when  less  discrimi- 
nation is  needed,  or  Level  III  may  be  speci- 
fied for  greater  discrimination.  Four  addi- 
tional special  levels'  S-1,  S-2,  S-3  and  S-4, 
are  given  in  the  same  table  and  may  be  used 
where  relatively  small  sample  sizes  are  neces- 
sary and  large  sampling  risks  can  or  must  be 
tolerated 

NOTE  In  the  designation  of  inspection 
levels  S-l  to  S-4,  care  must  be  exercised  to 
avoid  AQLs  inconastem  with  these  inspec- 
tion levels 

9.3  CODE  LETTERS.  Sample  sizes  are 
designated  by  cede  letters  Table  I shall  be 
used  to  find  the  applicable  code  letter  for  the 
particular  lot  or  batch  size  and  the  prescribed 
.nspection  hvel 

9 ! OBTAINING  SAMPLING  PLAN.  The 

AQL  and  the  code  letter  shall  be  used  to  ob- 


tain the  sampling  plan  from  Tables  II,  III  or 

IV  When  no  sampling  plan  is  available  for  a 
given  combination  of  AQL  and  code  letter, 
the  tables  direct  the  user  to  a different  letter 
The  sample  size  to  be  used  is  given  by  the 
new  code  letter  not  by  the  original  letter  If 
this  procedure  leads  to  different  sample  sizes 
for  different  classes  of  defects,  the  code  letter 
corresponding  to  the  largest  sample  size  de- 
rived may  be  used  for  all  classes  of  defects 

V hen  designated  or  approved  by  the  respon- 
sible authority.  As  an  alternative  to  a single 
sampling  plan  with  an  acceptance  number 
of  0.  the  plan  with  an  acceptance  number  of  1 
with  its  correspondingly  larger  sample  size 
for  a designated  AQL  (where  available),  may 
be  used  when  designated  or  approved  by  the 
responsible  authority. 

9.5  TYPES  OF  SAMPLING  PLANS.  Three 

types  of  sampling  plans:  Single,  Double  and 
Multiple,  are  given  in  Tables  II,  III  and  IV, 
respectively  When  several  types  of  plans  are 
available  for  a given  AQL  and  code  letter, 
any  one  may  be  used.  A decision  as  to  type 
of  plan,  either  single,  double,  or  multiple, 
when  available  for  a given  AQL  and  code 
letter,  will  usually  be  based  upon  the  com- 
parison between  the  administrative  difficulty 
and  the  average  sample  sizes  of  the  available 
plans.  The  average  sample  size  of  multiple 
plans  is  less  than  for  double  (except  in  the 
case  corresponding  to  single  acceptance  num- 
ber 1 ) and  both  of  these  are  always  less  than 
a single  sample  size.  Usually  th(  administra- 
tive difficulty  for  single  sampling  and  the 
cost  per  unit  of  the  sample  are  less  than-for 
double  or  multiple. 
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JO.  DETERMINATION  OF  ACCEPTABILITY 


10. 1 PERCENT  DEFECTIVE  INSPECTION. 

To  determine  acceptability  of  a lot  or  batch 
under  percent  defective  inspection,  the  ap- 
plicable sampling  plan  shall  be  used  in 
accordance  with  10  1 1.  10.1,2,  10.1,3,  10.1.4, 
and  10.1.5 

10.1.1  SINGLE  SAMPLING  PLAN.  The 

number  of  sample  units  inspected  shall  be 
equal  to  the  sample  size  given  by  the  plan. 
If  the  number  of  defectives  found  in  the 
sample  is  equal  to  or  less  than  the  acceptance 
number,  the  lot  or  batch  shall  be  considered 
acceptable  If  the  number  of  defectives  is 
equal  to  or  greater  than  the  rejection  num- 
ber, the  lot  or  batch  shall  be  rejected. 

10.1.2  DOUBLE  SAMPLING  PLAN.  The 

number  of  sample  units  inspected  shall  be 
equal  to  the  first  sample  size  given  by  the 
plan.  If  the  number  of  defectives  found  in 
the  first  sample  is  equal  to  or  less  than  the 
first  acceptance  number,  the  lot  or  batch 
shall  be  considered  acceptable  If  the  num- 
ber of  defectives  found  in  the  first  sample  is 
equal  to  or  greater  than  the  first  rejection 
number,  the  lot  or  batch  shall  be  rejected 
If  the  number  of  defectives  found  in  the  first 
sample  is  between  the  first  acceptance  and 
rejection  numbers,  a second  sample  of  the 
size  given  by  the  plan  shall  be  inspected  The 


number  of  defectives  found  in  the  first  and 
second  samples  shall  be  accumulated  If  the 
cumulative  number  of  defectives  is  equal  to 
or  less  than  the  sc.rond  acceptance  number, 
the  lot  or  batch  shall  be  considered  accept- 
able. If  the  cumulative  number  of  defectives 
IS  equal  to  or  greater  than  the  second  rejec- 
tion number,  the  lot  or  batch  shall  be  rejected 

10.1.3  MULTIPLE  SAMPLE  PLAN.  Under 
multiple  sampling,  the  procedure  shall  be 
similar  to  that  specified  in  10.1  2,  except  that 
the  number  of  successive  samples  required 
to  reach  a decision  may  be  more  than  two 

10.1 .4  SPECIAL  PROCEDURE  FOR  RE- 
DUCED INSPECTION.  Under  reduced  in- 
spection, the  sampling  procedure  may  termi- 
nate without  either  acceptance  or  rejection 
criteria  having  been  met  In  these  circum- 
stances, the  lot  or  batch  will  be  considered 
acceptable,  but  normal  inspection  will  be 
reinstated  starting  with  the  next  lot  or 
batch  ( see  8 3.4  (b) ). 

10.3  DEFECTS  PER  HUNDRED  UNITS  IN- 
SPECTION, To  determine  the  acceptability 
of  a lot  or  batch  under  Defects  per  Hundred 
Units  inspection,  the  procedure  specified  for 
Percent  Defective  inspection  above  shall  be 
used,  except  that  the  word  “defects”  shall  be 
substituted  for  "defectives." 


11.  SUPPLEMENTARY  INFORMATION 


II  .)  O P E R A T I N G CHARACTERISTIC 
CURVES.  The  operating  characteristic  curves 
for  normal  inspecti  m,  shown  in  Table  Y 
(pages  30-62).  indicate  the  [lercci.uig  ,if 
lots  or  batches  which  may  be  expectea  to  oe 
accej  It'd  under  the  various  siimpling  plans 
for  a given  proce.ss  quality.  The  curves  shown 
are  for  single  sampling:  curves  for  double 


an  ’ multiple  sampling  are  matched  as  closely 
as  practicable  The  O ('  curves  shown  for 
AQLs  greater  than  10 '•  ire  based  on  the 
Poisson  distnoution  anu  are  applicable  for 
defects  per  hundred  i nits  inspection,  those 
for  AQLs  of  10  0 or  less  arid  sample  sizes  of 
80  or  le.ss  are  based  on  the  binomial  distri- 
bution and  are  applicable  for  percent  defec- 


n.  SUPPLEMENTARY  INFORMATION  (Continued) 


'ive  I’ispection,  those  for  AQLs  of  10  0 or 
less  and  sample  sizes  larger  then  80  are  based 
in  the  Poisson  distribution  and  are  applica- 
ble either  for  defects  per  bundled  units  in- 
sp«'ction.  or  for  percent  defective  inspection 
(the  Poisson  distribution  being  an  adequate 
approximation  to  the  binomial  distribution 
inder  the^e  cmditionsl  Tabulatwi  values, 

. ortesponding  to  selected  values  of  larobabd- 
ilies  of  acceptance  (Pa, in  percent)  are  giver, 
lor  each  o!  ih  • curves  shown,  and.  in  addi- 
tion, for  tightened  inspection,  and  for  defects 
per  hundred  units  for  AQLs  of  10  0 or  less 
and  sample  sizes  of  80  or  less 

n.2  PROCESS  AVERAGE.  The  process 
average  is  thi  average  percent  defective  or 
average  num!  er  ot  defects  per  hundred  units 
(whichever  i:  applicable)  of  product  sub- 
mitted by  the  supplier  for  original  inspec- 
tion Original  in.spection  is  the  first  inspec- 
tion of  a particular  quantity  of  product  as 
distinguished  from  the  inspection  of  product 
Aihich  has  been  rasubmitted  after  prior 
rejection 

n.3  AVERAGE  OUTGOING  QUALITY 

(AOQ).  The  AOQ  is  the  a .erage  quality  of 
outgoing  product  including  all  accepted  lots 
ir  batches,  plus  al'  rejected  lots  or  batches 
.iftzr  the  rejected  ! its  or  batches  have  been 
efiec-tively  100  per.  ent  inspected  and  all  de- 
fectives replaced  bv  nondefectives 

114  AVERAGE  OUTGOING  QUALITY 

LIMIT  (AOQL).  The  AOQL  is  the  maximum 
of  the  AOQs  for  all  possible  uiomiing  quali- 
iic-s  f«r  a given  aci eptance  .sampling  plan 
.AOQL,  values  arc  given  ir  Table  V~A  for 
e.icb  of  the  single  sampling  plan:  for  normal 
inspection  and  in  Tabic  V-B  for  each  of  the 
single  sampling  plans  tor  tightened  inspec- 
tion. 


11.5  AVERAGE  SAMPLE  SHE  CURVES. 

Average  sample  size  curves  for  double  and 
multiple  sampling  are  in  Table  IX  These 
shoA'  the  average  sample  sizes  which  may  be 
expected  to  occur  under  the  various  sampling 
plans  for  a given  process  quality  The  curves 
assume  no  curtailment  of  inspection  and  are 
approximate  to  the  extent  that  they  are 
based  upon  the  Poisson  distribution,  and  that 
the  sample  sizes  for  double  and  multiple 
sampling  are  assumed  to  be  0 63 In  and  0 25n 
respectively,  where  n is  the  equivalent  single 
sample  size. 

11.6  LIMITING  QUALITY  PROTECTION. 

The  sampling  plans  and  associated  proce- 
dures given  in  this  publication  were  designed 
for  use  where  the  units  of  product  are  pro- 
duced in  a continuing  series  of  lots  or  batches 
over  a period  of  time.  However,  if  the  lot 
or  batch  is  of  an  isolated  nature,  it  is  desira- 
ble to  limit  the  selection  of  sampling  plans 
to  those,  associated  with  a designated  AQL 
value,  that  provide  not  less  than  a specified 
limiting  quality  protection  Sampling  plans 
for  this  purpose  can  be  selected  by  choosing 
a Limiting  Quality  (LQ)  and  a consumer’s 
risk  to  be  associated  with  it.  Tables  VI  and 
VII  give  values  of  LQ  for  the  commonly  used 
consumer's  risks  of  10  percent  and  5 percent 
respectively.  If  a different  value  iff  con- 
sumer’s risk  is  required,  the  O.C  curves  and 
their  tabulated  values  may  be  used  The 
concept  of  LQ  may  also  be  useful  in  specify- 
ing the  AQL  and  Inspection  Levels  for  a 
series  of  lots  or  batches,  thus  fixing  iniiiimum 
.sample  size  where  there  is  some  reason  (or 
avoiding  (with  more  than  a given  consumer’s 
risk)  more  than  a limiting  proportion  of  de- 
fectives (or  defects)  in  any  single  lot  or 
batch 
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TABLE  ll-B  — SingU  sampling  pUms  for  tightened  inspection  (Master  table) 


TABLE  in -A  — Double  sampling  plans  for  normal  inspection  (Master  table) 


I ABLE  Ill-B  — Double  sampling  plans  for  tightened  inspection  (Master  table! 


t ABLE  Ili-C  — DoubU  sampling  plans  for  reduced  inspection  (Master  table) 


TABLE  IV-A  — Multiple  sampling  plum  for  normal  inspection 


r able  IV-B  — MultipU  iatnpling  plans  for  tightened  inspection  (Master  table) 


TABLE  IV-B  — Multiple  sampling  plans  for  tightened  inspection  (Master  table) 

( Continued) 


MULTIPLE 

REDUCED 
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TABLE  rV-C — Multiple  sampling  plans  for  reduced  inspection  (Master  table) 

(Continued) 


TABLE  — Average  Outgoing  Quality  Limit  Factors  for  Normal  Inspectio 


TABLE  V-B  — Average  Outgoing  Quality  Limit  Factors  for  Tightened  Inspection  (Single  sampling) 


defects  per  hundred  units)  for  which  “ 10  Percent 


0.24  0.32  0.39  0.53  0.66  0.85 


table  VllI  — Limit  Numbers  for  Reduced  Inspection 


TAMi  X-A-2  - SAMPLING  PLANS  FOR  SAMPLE  SIZE  CODE  UETTER: 


rrwlr  •ftirh  •tcffiincf  «nd  frjprlion  number' 


UNCLASSIFIED 


AIR  FORCE  INST  OF  TECH  WRI6HT-PATTERS0N  AFB  OHIO  SCHO* 
QUALITY  CONTROL  IN  DOD*(U) 

JAN  77  6 A BOHLEN*  P J SWEENEY 

AU-AFIT-SL-22 


3 

AD  * 
^37253 


B 


TABLE  X-B-2  - SAMPLING  PLANS  FOR  SAMPLE  SIZE  CODE  LETTER; 


number 

' pl«n  ahov^  (or  altematively  use  letter  E) 

I V H/Hthtr  sanplmc  plan  ahovp  (or  alternatively  use  letter  0) 


C00€  LETTER: 


Ua»  •lagl*  ■— pitf  pUa  i6o«t  (or  tlictaalivcly  wm  letter  F). 


immmKg 

tmm^i 


I * 


ImiaKaBiaKal 


I ■■■■■■■■■■■■■■«■■■■ ■ 
■■■■■■■■■■■■■■■■■■« ■ 

uKss:::sssss:ss»;i 

■■■■■■■■■■■■■■■aaB*  V 

■■■■■■■■■■■•naaar.M 
aaaaiaaaaaaa^aaaa  Jail , 
aaaaiiaaaaa>SfaBaQ'’iaaij 
aaaiiMBinHnKaui 
mmmmmmmmmMmmmr.mmmrim. 

BBaaMBPJBBBaVJBBB’JB 

■■■■■■KaNHRjanRBi 

BBaBBisaBBaacaaaMJaB 

aB«B<;«BBBB2rBBBan'iBBB 

BBB''iiB|BBrJBBBBBCiBBBIi 

BBr.BBiB'^aaBBaaniBBBB’i. 

BiaBBBJBBBBBBriaBaBr.r 

VBi'iiiiBBBKflBBBS^aBJl 

riBriBiiaB^BBBBBB^aBVr 

■r.aBBB&aBBBBB^aCBW^i 

fjaBSBaBa»s«aBabjaa’i 

riBKJ|BBfSMaaB<;jBaB''JB 

iraBCiaaBB^MBaBB^BB 

fJKJfliBSsBBBBBBSJBBB 

'l<SaB:«i8BBBBS«aBBBBi 
'4B^BBBBl>S»BBBBaBBiaB 
jBBiiBBBaaBaiaB 


“ ^ I 1 


1 - a- 

!|  I j 

1}  S J 

M « ? s 

It  * 1 

H i I « 

*•  6 I 


2 h ! " 


K « 8 )? 


Omaittf  Lftvela  (ti^taaad  iaapectioa) 


operating  CHARACrtRISTiC  CURVES  FOR  SINGLE  SAMPLING  P:A 


TABU  X-E-2  • SAMPLING  PLANS  FOR  SAMPli  SIZE  COOC  IfTTER: 


Mft  proctdif  code  letter  for  «bcb  Kceptaoce  «»d  rerecoeo  auabera  ur  erailable 

L»e  oett  •ttbaeqwM  atapie  atce  code  letter  f«  wkick  aoceptaace  aad  reiectioo  awdtera  are  ar«()akle 
Acceptaocc  n«tf^r 
Retertioa  aaiafcrr 

t-^  Nw  tor  altef«at;velT  u«e  letter  Hi 

Accvptaoce  ao(  pemtited  at  lAta  aaople  atte 


TABii  X-f-2  - SAMPLING  PLANS  FOR  SAMPLE  SIZE  CODE  LETTER: 


CHART  G - OPERATING  CHARACTERISTIC  CURVES  FOR  SINGLE  SAMPLING  P'JLNS 


TABLE  X-C-2  - SAWPLINC  PLANS  FOR  SAMPLf  S12£  CODE  lETTER. 


t»r-f  1^ 


TABLE  X-H  — Tables  for  sample  size  code  letter: 


TABt£  X-H-2  - SAMPLING  PLANS  FOR  SAMPLE  SIZE  CODE  liTTIR; 


i^fti  prf<edinir  size  coHr  letter  frir  which  acceptance  and  rw|rc(>on  numbers  are  avadabte 

'^er!  suSsequrni  sampi*  si/r  cf>de  lerter  for  which  acceptance  and  refection  numbers  ar^  avaiiabli 


TABLE  X-K  — Tables  for  sample  size  code  letter: 
CHART  K - OPERATING  CHARACTERISTIC  CURVES  FOR  SINGlf  SAMPLING  PLANS 

'Curv-s  fo»  double  «nd  wultiple  *«  wuiched  is  closely  ss  prsclicsblel 


Acceptable  Ou*!'**  Levels  Ituhiened  inapecuon) 


TABU  X-K-2  - SAMPLING  PLANS  FOR  SAMPU  SIZE  CODE  LETTER; 


Iv  nfil  pf-c»din|(  iiiF  codf  l»tlfr  lo»  -hirS  «ccep<«i>c»  «nd  r»|cc<ion  numhrrs  trr  •mliblf 

l‘t»  sample  atia  rod^  lailar  ff>r  which  •cccptancc  and  rc)Cctiofl  numbwra  arw  available 

n^l^riior* 

» *ifur>  narnphtm  p}*«  Abov»  lof  leltef  N) 

Arc^P**f*r^  not  •!  lhi»  *U^ 


TABLE  X-L  — Tables  for  sample  size  code  letter: 


TA3LI  X-i-2  - SAAVLiNG  PLAf.S  FOR  SAMPLE  SIZE  CODE  LETTER; 


TABLE  X-M  — Tables  for  sample  size  code  letter; 


SAMPLING 


*<•*:.  c l^urr  br  «h;ch  crcrplinr*  aoH  r^j^ciion  aumbrra  &i 

.b  %1'T‘pk  <•  le  f fxV  l*'U»f  for  «huh  •ccfpianrr  •n'l  *t]»<  i.on  numbers 


TABLE  X-N — Tables  for  sample  size  code  letter; 


OPERATING  CHARACTERISTIC  CURVRS  FOR  SINGLE  SAMPLING  PLANS 


‘ptablP  LJualuv  m^peruoiij 


SAMPLING  PLANS  FOR  SAAVLE  SIZE  CODE  lETTER. 


TABU  X-02  • SAMPLING  PLANS  FOR  SAMPU  SIZE  CODE  UTTER:  Q 


n^tt  pf^.'cdiOR  sample  site  code  letter  •hicN  ercepianee  and  ee|ection  nwmbera  are  availab'i 


CHART  R - OPfRATING  CHARACTERISTIC  C ' "OR  jINGLE  SAMPLING  PLANS 


TABU  X-R-2  - SAMPLING  PLANS  FOR  SAMPU  SIZE  CODE  IfTTER: 


ImiK  fiu  codr  tcdrr  for  which  tccrpitncr  tnd  fVirction  tsumbcr*  stt 


TABLE  X-S  — Tables  for  sample  size  code  letter: 


r 


Index  of  terms  with  special  meanings 


Acceptable  Quality  Level  (AQL) 
Acceptance  number 

Attributes  

Average  Outgoing  Quality  (AOQ) 

Average  Outgoing  Quality  Limit  (AOQL) 
Average  sample  size 

Batch  

Classification  of  defects 
Code  letters 
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IM'KODUCTION 

This  St<md<ird  wditf  prepared  to  rTi<?et  a growing  neea  fur  the  use  of  standard 
sampling  plans  fnr  inspection  by  variabies  in  Government  procurement,  supply 
and  storage,  and  rnauitenance  inspection  operations.  The  variables  sampling 
plans  apply  to  a single  quality  characteristic  which  can  be  measured  on  a contin- 
uous scale,  and  for  which  quality  is  expressed  ni  terms  of  percent  defective.  The 
theory  underlying  the  development  of  the  variabies  sampling  plans,  including  the 
operating  characteristic  curve  s,  assume s that  measurements  of  the  qualitychar- 
acteristic  are  independent,  identically  distributed  normal  random  variables. 

In  comparison  with  attributes  sampling  plans,  variables  sampling  plane 
have  the  advantage  of  usually  resulting  in  considerable  savings  in  sample  size 
for  comparable  assurance  as  to  the  correctness  of  decisions  in  judging  a single 
quality  characteristic,  or  for  the  same  sample  size,  greater  assurance  is  ob- 
tained using  variables  plans.  Attributes  sampling  plans  have  the  advantage  of 
greater  simplicity,  of  oeing  applicable  to  either  single  or  multiple  quality  char- 
acteristics, and  of  requiring  noknowiedge  about  tbe  distribution  of  the  continuous 
measurements  of  any  of  the  quality  characte ri&tics. 

It  is  important  to  note  that  variabies  sampiin^  plans  are  nut  to  be  used 
indiscriminately,  simply  because  it  is  possible  to  obtain  variables  meas  iremcnt 
data.  In  considering  applications  where  the  normality  or  independence  assump- 
tions may  be  questioned,  the  user  is  advised  to  consult  his  technical  agency  to 
determine  the  feasibility  of  application. 

This  Standard  is  divided  into  lour  sections.  Section  Aaescribee  ge.neral 
procedures  «jf  the  sampling  plans.  Sections  xi  and  C describe  specific  procedures 
and  applications  uf  the  sampling  plans  when  variability  is  unknown.  In  Section  B 
the  estimate  of  lol  standard  deviation  is  used  as  tne  basis  for  an  estimate  of  the 
unknown  variub.hty,  and  in  Section  C the  average  range  of  the  sample  is  used. 
Section  D cescribes  the  plans  when  variability  is  known. 

fclav.h  ::»e-.tions  B,  C,  and  V is  divided  into  three  parts:  (I)  Sampling  Plans 
f r the  Single  bp<‘  if-.cation  Limit  Case,  (11/  Sampling  Plans  for  the  Double  Spec- 
ifj(  atjon  Limit  (..ase.  and  (III)  Procedures  fur  E stirnation  of  Proce  ss  Ave  rage  and 
Criteria  for  T.i:htoneo  and  Reduced  Ins}x.*ction,  Eor  the  single  specification 
limit  case,  the  acc  eptability  c nte  non  is  given  in  two  forms:  Form  I and  Form  Z. 
Eitner  of  tne  forms  may  oe  used,  since  they  are  identical  as  to  sample  size  and 
de..  ision  for  lot  acceptability  or  rejectabilily . in  deciding  whether  to  use  Form  1 
or  r’orrri  Z.  the  i niowing  pcont  shoiiid  be  borne  in  m»nd.  Form  I provides  the  lot 
acceptability  criterion  witnont  estimating  lol  percent  defective.  The  Form  Z lot 
acceptability  criterion  requires  estimates  of  lot  percent  defective.  These  esti- 
n ates  also  are  required  for  estimation  of  the  process  average. 

Ope  rating  O.a  r.n  n Stic  Cu  rve  s in  Table  A-  3 show  the  relationship  between 
quality  and  [>ercent  of  lots  » xpecteci  to  be  at  c«  ptable  lor  the  quality  characteristic 
inspected.  As  staled,  incse  Oper<iting  Characteristic  Curvesare  based  on  the 
assumption  that  measurements  are  selected  at  ranciorn  from  a normal  distribution. 

'i'ho  corresponding  sampling  plans  in  xiections  B,  C,  and  D were  matched 
AH  clos*  iv  as  possible  under  a system  of  fixed  sample  size  with  respect  to  their 
Operating  Characteristic  Curves.  Operating  Characteristic  Curves  in  Table  A-3 
have  been  computed  for  the  .‘«ampiing  plans  based  on  the  estimate  of  lot  standard 
deviation  of  unknown  variability.  They  are  equally  applicable  for  sampl.ng  plans 
based  on  the  average  range  of  tne  sample  of  unknown  variability  and  those  based 
on  known  variaOiiity. 

Certain  characteristics  ci»ncerning  the  sampling  plans  in  Sections  B and  C 
and  those  in  Section  D should  b«’  runted.  P*ans  baaed  on  the  estimate  ot  unknown 
variability  require  fewer  sample  units  for  comparable  assurance  when  the  esti- 
mate of  lot  standard  devi.,tjon  is  used  than  when  the  average  range  of  the  sample 
used  on  the  other  hand  o.ar.s  ..sing  the  average  range  of  the  sample  require 

vU 


mL-STD-*  !4 
11  June  1967 

flimplftr  computations.  Plans  using  known  variability  require  considerably  fewer 
sample  units  for  comparable  assurance  than  either  of  the  plans  when  variability 
is  un>mown;  however,  the  requirement  of  known  variability  is  a stringent  one. 
The  urcr  is  advised  to  consult  his  technical  agency*  before  applying  sampling 
plans  using  known  variability. 

"”able  B- 8 provide  a value  8 of  the  factor  F to  compute  the  maximum  standard 
deviation  MSD.  The  MSD  serves  as  a guide  for  the  magnitude  of  the  estimate  of 
lot  atr.ndard  deviation  when  using  plans  for  the  double  specification  limit  case, 
based  on  the  estimate  of  lot  standard  deviation  of  unknown  variability.  Simi’arly 
Table  C- 8 provides  values  of  the  factor  f to  compute  the  maximum  average  range 
MAR.  The  MAR  serves  as  a guide  for  the  magnitude  of  the  average  range  o^  the 
sample  when  using  plans  for  the  double  specification  limit  case,  based  on  the 
average  range  of  the  sample  of  unknown  variability.  The  estimate  of  lot  standard 
dcviat:on  or  average  range  of  the  sample,  if  it  is  less  than  the  MSD  or  MAR.  re- 
spectively, helps  to  insure,  but  does  not  guarantee,  lot  acceptability. 

/dl  symbols  and  their  definitions  are  given  in  the  appmdix  to  Part  111  of  the 
applicable  section.  An  illustration  of  the  computations  and  procedures  used  in 
the  sampling  plans  is  given  in  the  examples  of  Parts  I and  II  of  the  applicable 
section.  The  computations  involve  simple  arithmetic  operations  such  as  addition, 
subtraction,  multiplication,  and  division  of  numbers,  or  at  most,  the  taking  of  a 
square  root  of  a number.  The  user  should  become  familiarwith  the  general  pro- 
cedures of  Section  A,  iind  refe r to  the  applicable  section  for  detailed  instructions 
regard  ng  specific  procedures,  computations,  and  tables  for  the  sampling  plans. 
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SECTION  A 

GENERAL  DESCRIPTION  OF  SAMPLING  PLANS 


AL  SCOPE 

Ai.i  Purpose.  This  Standarc  establishes 
Sdinpiing  plans  and  procedures  for  inspec- 
ti.m  by  vtiriablda  for  use  in  Government 
procurement,  supply  and  storage  , and  main- 
tenance inspection  operations.  When  appli- 
cable this  Standard  shall  be  referenced  in 
the  specification,  contract,  or  inspection  in- 
structions. and  the  provisions  set  forth 
herein  shall  govern. 

A\.l  iiispecrion.  Inspection  is  the  process 
ol  measuring,  examining,  testing,  gaging,  or 
otherwise  comparing  the  "unit  of  product" 
{See  A 1 .4)  with  the  applicable  requi  rement  s. 

A 1 . 3 Inspection  by  Variables . Inspec  tion  by 
variables  is  inspection  wherein  a specified 
quality  characteristic  (See  A1.5)  on  a unit 
of  proouct  is  measured  on  a continuous 
scale,  such  as  pounds,  inches,  feet  per  sec- 
ond. etc.,  and  a measurement  is  recorded. 

Ai.4  Unit_of  Product.  The  unit  of  product 
IS  the  entity  of  product  inspected  in  order 
to  determine  its  measurable  quality  char- 
acteristic. This  may  be  a single  article,  a 
pair,  a set,  a Component  of  an  end  product, 
or  the  end  product  itself.  The  unit  ol  prod- 
ulI  m<ay  or  may  not  be  the  same  as  the  unit 
of  purchase,  supply,  production,  or 
shipment. 

Al.S  Duality  Characteristic.  The  quality 
•' ha rai  te  ri Stic  for  variables  inspection  is 
tnat  characteristic  of  a unit  of  product  that 
IS  actually  measured,  to  determine  confor- 
mance with  a given  requirement. 

A1.6  Specification  Limit_s.  The  specifica- 
tion lirrutTs)  IS  the  requirement  that  a 
quality  characteristic  should  meet.  This 
requirement  may  be  expressed  as  an  upper 
specuTcaiion  limit,  or  a lower  specification 
limit,  called  herein  a single  specification 
.i:nit,  or  both  upper  and  lowe  r spe cification 
»irnits,  called  herein  a double  specification 
limit. 

A1.7  Samj)Un^  Flans.  A sampling  plan  is 
a procedure  wnich  specifies  the  .number  of 
units  of  product  from  a lot  which  are  to  be 
inspected,  and  the  c riterion  for  acceptabil- 
ity of  the  lot.  Sampling  ^ Ians  designated  in 
this  Standard  are  applicable  to  the  inspec- 
tion of  a single  quality  characteristic  of  a 


unit  of  product.  These  plans  may  be  used 
whether  procurement  inspection  is  per- 
formed at  the  plant  of  a prime  contractor, 
subcontractor  or  vendor,  or  at  destination, 
and  also  may  be  used  when  appropriate  in 
supply  and  storage , and  maintenance  inspec- 
tion operations. 

A2.  CLASSIFICATION  OF  DEFECTS 

AZ.i  Method  of  Classifying  Defec  is.  Aclas- 
sification  of  defects  is  the  enumeration  of 
defects  of  the  unit  of  product  classified 
according  to  their  imp>ortaBce.  A defect  is 
a deviation  of  the  unit  of  product  from  re- 
quirements of  the  specifications , drawings, 
purchase  descriptions,  and  any  changes 
thereto  in  the  contract  or  order.  Defects 
normally  belong  to  one  of  the  following 
classes,  however,  defects  may  be  placed  in 
other  classes. 

A2.1.J  Cruual  Defects.  A critical  defect 
IS  one  that  judgment  and  expe  rience  indicate 
could  result  in  hazardous  or  unsafe  condi- 
tions for  individuals  using  or  maintaining 
the  product;  or,  formajorend  Hems  units  of 
proauct,  such  as  ships,  aircraft,  or  tanks,  a 
defect  that  could  prevent  performance  of 
their  tactical  function. 

A2.1.2  Major  Defects.  A major  defect  is  a 
defect,  other  tTan  critical,  that  could  result 
in  failure , or  mate  rially  Tv-duce  the  usability 
of  the  unit  of  product  for  its  intended  purpose . 

A2.I.3  Minor  Defects.  A minor  defect  is 
one  that  doe  s not  mate rially  reduce  the  usa- 
bility of  the  unit  of  product  for  its  intended 
purpose,  or  is  a departure  from  established 
standards  having  no  significant  bearing  on 
the  effective  use  or  operation  of  the  unit. 

A3.  PERCENT  DEFECTIVE 

A3.1  Expression  of  Nonconformance . The 
extent  of^nonconformance  product  shall 
be  expressed  in  terms  of  percent  defective. 

Fe rcent  De fective . The  percent  de- 
fective for  a quality  characte  ristic  of  a given 
lot  of  product  i s the  numbe  r of  units  of  prod- 
uct defective  for  that  cha racte ristic  di\ ided 
by  the  total  number  of  units  of  product  and 
multiplied  by  one  hundred.  Expressed  as  an 
equation:  Percent  defective  * 

Numbe r of  defectives  x 100 
Number  of  units 
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A4.  ACCEPTABLE  QUALITY  LEVEL 

A4.1  Accp,  abl/*  Level,  The  ac- 

ceptable qua! it V level  (aQL)  is  a nominal 
value  expresse^i  in  terms  of  percent  defec- 
tive specified  for  a single  quality  character- 
istic. Certain  numerical  values  of  AQL 
ranging  from  .04  to  I 5.00  percent  are  shown 
>.n  Table  A-  . When  a range  of  AQL  values 
is  specified,  it  shall  he  treated  as  if  it  were 
equal  *o  the  value  of  AQL  for  which  sampling 
plans  are  furnished  and  which  is  included 
within  the  AQL  range.  When  the  specified 
AQL  IS  a particular  value  other  than  those 
for  which  sa  npUng  plans  are  furnished,  the 
AQL.  which  is  to  be  used  in  applying  the 
provisions  of  this  St.indard,  shall  be  as  shown 
in  Table  A-  } . 

A4.2  AOL' 8.  The  particular  AQL 

value  to  is<^  for  a single  quality  char- 
acteristic of  a giver,  product  must  be  spec- 
ified. In  the  < ase  of  a double  specification 
I'mit,  either  an  AQL  value  is  specified  for 
the  total  percent  defective  outside  of  both 
upper  and  ’ower  specification  limits,  or  two 
AQL  values  are  specified,  one  for  the  upper 
limit  and  anc'.her  for  the  lower  limit. 

A5.  SUP?/TT'"AL  OF  PRODUCT 

AS.l  Lot.  T ie  term  ’Tot"  shall  mean  "in- 
spection lot,  i.e.,  a collection  of  units  of 
product  fron  which  a sample  is  drawn  and 
in*-pccted  to  letermine  compliance  with  the 
acceptability  criterion, 

AS.l.i  Eorrn  Lots.  Each  lot  shall, 

as  far  as  is  practicable,  consist  of  units  of 
product  of  a single  type,  grade,  class,  size, 
or  composition  manufactured  under  essen- 
tially the  san  e conditions. 

AS, 2 Lot  Si?  ».  The  lot  size  is  the  number 
of  u.-iitfl  of  p-oduct  in  a lot.  and  may  differ 
from  the  qua;  tity  de  aignated  in  the  contract 
or  order  as  a lot  for  production,  shipment, 
or  other  purposes. 

AP.  LOT  AC'‘EPta3tlI'ty 

Accepts  Jility  Criterion.  The  accept- 
ahihty*  ‘ a \ of  material  submitted  for 
inspretjon  sh.  U be  determined  by  use  of  one 
of  the  sampTr  7 plans  associated  witha  spec- 
ified value  o th<-  AQL(s).  This  Standard 
provides  sam  ling  plans  based  on  known  and 
unknown  var  abiUty . In  the  latter  case 
two  altemat'.v  methods  are  provided,  one 
based  on  the  estimate  of  lot  standard  devi- 
’*ior  and  the  ither  on  the  average  range  of 
sample.  hese  are  referred  to  as  the 
mdard  d-*v  vtion  method  and  the  range 
‘hoc.  *e  fase  ■ ' * ringle  ST^cifica- 

• ■ t'-  ? arr-  >t,\bi!’tv  criterion  is 


given  in  two  forms.  These  are  identified 
as  Form  1 and  Form  2. 

A6.2  Choice  of  Sampling  Plans.  Sampling 
plans  and  procedures  are  provided  in  .Sec- 
tion 3 if  variability  -s  unknown  and  the 
standard  deviation  method  is  used,  in  Se-"- 
tion  C if  variability  is  unknown  and  the  range 
method  is  used,  and  in  Section  D if  variability 
IS  known.  Unless  otherwise  spe*  ified,  un- 
known vanaoility,  standard  deviat  on  method 
sampling  plans,  and  the  acceptability  ir*- 
teriondf  Form2  (for  the  single  sp*  cification 
limit  case)  shall  be  used. 

A7.  SA\fPLE  SELECTION 

A7.1  Determination  of  Sample  Size,  The 
sample  size  is  the  nurnTve r of  unit b of  prod- 
uct drawn  from  alot.  Relative  sample  sizes 
are  designated  by  code  letters.  The  sample 
Size  code  letter  depends  on  the  nspection 
level  and  the  lot  size.  There  are  five  in- 
spection levels:  I.  11.  Ill,  IV,  and  V.  Unless 
otherwise  specified  inspection  level  IV  shall 
be  used.  The  sample  size  code  lette  r appli- 
cable to  the  specified  inspection  level  and 
for  lots  of  given  size  shall  be  obta  ned  from 
Table  A-2. 

NOTICE -»S  p e c i a 1 Reservation  for 
Critical  Charade ristic 9.  T^e  Government 
reservesthe  right  tuins{>ect  every  unit  sub- 
mitted by  the  supplier  for  critica’  charac- 
teristics, and  to  reject  the  remainde  r of  the 
lot  immediately  afte r a defect  is  found.  7'he 
Government  also  reserves  the  right  to  sam- 
ple for  critical  defects  every  lot  > ubmitted 
by  the  supplier  and  to  reject  anv  lot  if  a 
sample  drawn  therefrom  is  found  to  contain 
one  or  more  critical  defects. 

A7.2  Drawing  of  Samples.  A sample  is  one 
or  more  ^onits  of  product  drawn  from  a lot. 
Units  of  the  sample  shall  be  selected  with- 
out regard  to  their  quality. 

A8.  ESTIMATION  OF  PROCESS  AVERAGE 
AND  SEVERITY  OF  LNSPEC"ION 

Procedures  for  estirnating  the  process 
average  and  criteria  for  tightener  and  re- 
duced inspection  based  on  the  inspection 
results  of  preceding  lots  are  provided  in 
Part  III  of  Sections  B,  C,  and  D. 

A9.  SPECIAL  PROCEDURE  FOR  APPLI- 
CATION OF  MIXED  VARIABLES- 
ATTRIBUTES  SAMPLING  PL.vNS 

A9.1  Applic ability.  A mixed  variables  and 
attributes  aampITng  plan  may  beus-d  under 
either  of  the  two  following  co*  ditions: 
(NOTE : No  Ope  rating  Characte  ristic  Curve  • 


»- 


*re  provi<3cd  for  the  mixed  variAblea- 
Attributei  sAmpUng  pl.uis  herein  and  that 
thoee  in  Table  A* 3 are  not  applicable.) 

Condition  A.  Ample  evidence  exists 
that  the  product  submitted  for  inspection  is 
selected  by  the  supplier  to  meet  the  speci- 
fication limit(s)  by  a screening  process 
from  a larger  quantity  of  product  which  is 
not  beins  produced  within  the  specification 
limit(s). 

Condition  B.  Otner  conditions  exist 
that  warrant  the  use  of  a variables- 
attributes  sampling  plan. 

A9.Z  Definitions. 


(Additional  sample  items  rrtay  be  drawn,  as 
necessary,  to  satisfy  the  requirements  for 
sample  size  of  the  att ributes  sampling  plan. 
Count  as  adefective  each  sample  item  falling 
outside  of  specification  iLmit(s).) 

A9.4  Dete rmination  of  Acceptability.  A lot 
meets  the  acce^abiiity  criterion  if  one  of 
the  following  conditions  is  satisfied: 

Condition  A.  The  lot  complies  with 
the  appropriate  variables  acceptability  cri- 
terion of  Section  B,  C,  or  D. 

Condition B.  The  lot  complies  with 

the  acceptability  criterion  of  paragraph 
11. 1.2  of  MlL-STD-105. 


A9. 2.1  Inspection  by  Attributes.  Inspection 
by  attri^ut*9  is  inspection  wherein  the  unit 
of  product  is  classified  simply  as  defective 
or  nondefective  with  respect  to  a given  re- 
quirement or  set  of  requirements. 

A9.2.2  Mixed  Variables- Attributes  Inspec- 
tion. Mixed  variable s- att ributc s inspection 
IS  inspection  of  a sample  by  attributes,  in 
addition  to  inspection  by  variables  already 
made  of  a previous  sample,  before  a de- 
cision as  to  acceptability  or  rejectability  of 
a lot  can  be  made. 

A9.3  Selection  of  Sampling  Plans.  The 
m i xe  d”~variaSre  s - attributes  samplin  g plan 
shall  be  selected  in  accordance  with  the 
following: 

A9.3.1  Select  the  variables  sampling  plan 
.a  accordance  with  Section  B,  C,  or  D. 

A9.3.2  Select  the  attributes  sampling  plan 
from  MlL-STD-105,  paragraph  iO.  using  a 
single  sampling  plan  and  tightened  inspec- 
tion. T ne  same  AQL  value(s)  shall  be  used 
for  the  attributes  sampling  plan  as  used  for 
the  variables  plan  of  paragraph  A9.3.1. 


A9.4.1  If  Condition  A is  not  satisfied,  pro- 
ceed in acco rdance  with  the  attributes  sam- 
pling plan  to  meet  Condition  B, 

A9.4.2  If  Condition  B is  not  satisfied,  the 
lot  docs  not  meet  the  acceptability  criterion. 

A9.5  Severity  of  Inspection.  The  procc- 
dures  Tor  seventy  of  inspection  referred  to 
in  paragraph  Ad  are  not  applicable  for 
mixed  variable s-attributes  inspection. 

NOTICE  - When  Gove rnment  drawings, 
specifications,  or  other  data  are  used  for 
any  purpose  other  than  in  connection  with  a 
dehnitely  related  Government  procurement 
operation,  the  United  States  Government 
thereby  incurs  no  re sponeibility  or  any  ob- 
ligation whatsoever,  and  the  fact  that  the 
Government  may  hav e formulated,  furnished, 
or  in  any  way  supplied  the  said  drawings, 
specifications,  or  other  data  is  not  to  be 
regarded  by  implication  or  otherwise  as  in 
any  manne  r licensing  the  holde  r or  any  othe r 
person  or  corporation,  or  conveying  any 
rights  or  permission  to  manufacture,  use. 
or  sell  any  patented  invention  that  may  in 
any  way  be  related  thereto. 
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TABLE  A-1 

ACL  Conversion  Table 


For  specified  AQL  values 
falling  within  these  ranges 

U“e  this  AQL 
value 

to  0.049 

0.04 

0.050  to  0.060 

0.065 

1 

0.070  to  0.100 

0.10  j 

0.110  *o  0.164 

0.15 

0.165  -o  0.279 

0.25 

j 0.280  to  0.439 

0.40 

0.440  -o  0.699 

1 

0.65 

1 

: 0.700  -O  1.09 

1.0 

I.IO  1 .h4 

1 ,s 

1.65  o 2.79 

2.h 

i 2.80  to  4.39 

4.0  : 

1 4.40  -o  6.99 

6.5 

7.00  to  10.9 

10.0 

1 l.CO  -o  16.4 

15.0 

TABLE  A-2 


Sample  Size  Code  Letters* 


r n 

' Lot  Size 

J 

Inspection 

Levels 

I 

n 

III 

IV 

V 

to 

fl 

B 

B 

B 

B 

c 

9 

to 

15 

B 

B 

B 

B 

D 

16 

to 

25 

B 

B 

3 

C 

E 

26 

to 

40 

B 

B 

B 

D 

F 

41 

to 

65 

B 

B 

C 

E 

G 

66 

to 

no 

B 

B 

D 

F 

H 

1 

1 Ml 

to 

180 

B 

C 

E 

G 

I 

181 

to 

300 

B 

D 

F 

H 

J 

301 

to 

500 

C 

E 

G 

I 

K 

1 50 1 

to 

800 

D 

F 

H 

J 

L 

801 

to 

1 , 300 

E 

G 

1 

K 

L 

' 1,30! 

to 

3,200 

F 

H 

J 

L 

M 

3,201 

to 

8,000 

G 

I 

L 

M 

N 

8,001 

to 

22,000 

H 

J 

V. 

N 

O 

22,00i 

to 

110,000 

I 

K 

N' 

O 

P 

: 110,001 

to 

550,000 

1 

K 

O 

P 

Q 

550,001 

and  ove  *• 

I 

K 

P 

Q 

Q 

*Sample  size  code  letters  given  in  body  of 
table  are  applicable  when  the  indicated  in- 


spection levels  are  to  be  used. 
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SECTION  B 

VARIABILITY  UNKNOWN-STANDARD  DEVIATION  METHOD 


Part  I 

SINGLE  SPECIFICATION  LIMIT 


Bl.  SAMPLING  PLAN  FOR  SINGLE 
SPECIFICATION  LIMIT 

This  part  of  the  Stancard  debcribes  the 
proceQures  for  use  with  plans  for  a single 
specification  limit  when  variability  of  the 
lot  with  respect  to  the  quality  characteris- 
tic IS  unkiiown  and  the  standard  deviation 
method  is  used.  The  acceptability  criterion 
IS  given  in  two  equivalent  forms.  These  are 
identified  as  Form  1 and  Form  Z. 

Bi.i  Use  of  Samphng_^  Plans , To  deter- 
mine whether  tlie  lot  meets  the  accept- 
ability criterion  with  respect  to  a particu- 
lar quality  characteristic  and  AQL  value, 
the  applicable  sampling  plan  shall  be  used 
in  accordance  with  the  provisions  of  Sec- 
tion A,  General  Description  of  Sampling 
Plans , and  those  in  this  part  of  the  Standard. 

Bl.Z  Drawing  of  Sample  s.  All  samples  shall 
be  drawn  in  acco r^ance  with  paragraph  A7.2. 

B1.3  Determination  of  Sample  Siae  Code 
Lette r . The  sample  size  co^^letter  shall 
be  selected  from  Table  A*  Z in  accordance 
with  paragraph  A7.1. 

B2.  SELECTING  THE  SAMPLING  PLAN 
WHEN  FORM  1 IS  USED 

BZ-1  Master  Sampling  Tables.  The  master 
sampling  ta\>les  for  ^ans  based  on  varia- 
bility unknown  for  a single  specification 
limit  when  using  the  standard  deviation 
method  are  Tables  B - 1 and  B-Z.  Table  B-1 
is  used  for  normal  and  tightened  inspection 
and  Table  B-Z  for  reduced  inspection. 

BZ.Z  Obtaining^  the  Synpling  Plan.  The 
sampling  plan  consTsts  of  a sampre  size  and 
an  associated  acceptability  constant.^  The 
sampling  plan  is  obtained  from  Master 
Table  B-1  or  B-Z. 


BZ.Z.Z  Acceptability  Constant.  The  accept- 
ability constant  k,  cor  responding  to  the  sam  - 
pie  size  mentioned  m paragrapn  BZ.Z.i,  is 
indicated  in  the  column  of  the  master  table 
corresponding  to  the  applicable  AQL  value. 
Table  B-1  is  entered  from  the  top  for  nor- 
mal inspection  and  from  the  bottom  for 
tightened  inspection.  Sampling  plans  for  re- 
duced inspection  are  provided  in  Table  B-Z. 

B3.  LOT-BY-LOT  ACCEPTABILITY  PRO- 
CEDURES WHEN  FORM  1 IS  USEIT 

B3.1  Acceptability  Criterion.  The  degree 
of  conformance  of  a quality  characteristic 
with  respect  to  a single  specification  limit 
shall  be  judged  by  the  quantity  (U-X)/s  or 
(3C-D/8. 

B3.Z  Computation.  The  following  quantity 
shall  becomputed:  (U-X)/s  or  (X-L)/a, de- 
pending on  whether  the  specification  limit  is 
an  upper  or  lower  limit,  where 

U IS  the  upper  specification  limit, 

L is  the  lower  specification  limit, 

X is  the  sample  mean,  and 

8 is  the  estimate  of  lot  standard  deviation. 

B3.3  Acc eplability  Cnte  non.  Compare  the 
quantity7U-^)/s  (X-L)/s  with  the  accept- 
ability constant  k.  If  (U-X)/s  or  (X-L)/b  is 
equal  to  or  greater  than  k,  the  lot  me^ls  the 
acceptability  criterion;  if  (U  -^)/s  or  (X-  L)  / s 
IB  less  than  k or  negative,  then  the  lot  does 
not  meet  the  acceptability  criterion. 

B4.  SUMMARY  FOR  OPERATION  OF 
SAMPLING  PLAN  WHEN  FORM  1 IS 
USED 

The  following  steps  summarize  the  pro - 
cedures  to  be  followed: 


BZ.Z.l  Sarr.ple  Size.  The  sample  size  n is 
shown  :n  fbe  master  table  corresponding  to 
each  sample  size  code  letter. 


(1)  Determine  the  sample  sizecode  let- 
ter from  Table  A-Z  by  using  the  lot  size  and 
inspection  level. 


^Sc  c Appendix  B for  definitions  of  all  symbols  used  in  the  sampling  plans  based  on  variability 
unknown-standard  deviation  method. 

^See  Example  B-1  for  a complete  example  of  this  procedure. 
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{Z)  Obta.n  olan  from  Master  Table  B-l 
or  3-2  by  selecting  the  sample  size  n and 
the  acceptability  constant  k. 

(3)  Sele  * at  random  the  sample  of  n 
un.Ts  from  the  lot,  inspect  and  record  the 
measurement  of  the  quality  characteristic 
for  each  unit  of  the  sample. 

(4)  Compute  the  sample  mean  X and 
estimate  of  lot  standard  deviation  s,  and 
also  compute  the  quantity  (U-)^)/s  for  an 
upp«T  s.peciiication  lim.l  U or  the  quantity 
fy  O/ s for  a lower  specification  limit  L. 

(5)  If  the  quantity  (U-X)/s  or  {X-L)/s 
IS  equal  to  or  greater  than  k,  the  lot  meets 
the  acceptability  criterion;  il  (U-X)/s  or 
(X  L)/s  IS  less  than  k or  negative,  then  the 
lot  docs  not  meet  the  acceptability  criterion. 

B5.  SELEC'^ING  SAMPLING  PLAN 

WHEN  ^ORM  2 IS  USED 

35.!  Maste-  Sampling  Tables.  The  master 
samnl  i:  g t ab  les  for  plans  based  on  variabil  - 
ity  u;iKnowr\  for  a single  specification  limit 
when  ^3ing  the  standard  deviation  method 
are  Tables  "-3  and  B-4  of  Part  II,  Table 
B-3  isus»*d  lor  normal  and  tightened  inspec - 
tion  a.nc  Tar.’e  B-4  for  reduced  inspection. 

3S.Z  Obtaining  the  Sampling  Plan.  The 
sampling  plan  consists  of  a sample  size  and 
an  associated  nnaximum  allowable  percent 
detective,  "^ht*  sampling  plan  is  obtained 
Irorn  Master  Tabic  B-3  or  B-4. 

D5.2.1  Sample  Size.  The  sample  size  n is 
shown  in  master  table  corresponding  to 
each  sample  size  cc>de  letter. 

B5.2.2  Maximum  Allowable  Percent  Defec- 
tive.  The  rr  tximum  a^’owable  percent  de- 
fective M for  sample  estimates  correspond- 
ing to  the  ample  size  mentioned  in 
paragraph  B -.2.1  is  indicated  in  the  column 
o*  'he  ma.st  r taole  corresponding  to  the 
applicable  AOL  value.  7 able  B- 3 is  entered 
from  the  top  or  normal  inspection  and  from 
the  bottom  or  tightened  inspection.  Sam- 
pling plan.-  for  reduced  inspection  arc  pro- 
vided in  Tab  e B-4. 

P€.  LOT-B'  -LOT  acceptability  PRO- 
CEDUR  :s  WHEN  FORM  2 IS  USED-^ 

Bn.l  Accept  \o\Uty  Cirenon.  The  degree 

■ t 'onforma  »ce  of  a qualify  characteristic 

■ .'h  r*-s:jrr-  to  a singi**  sp**cification  limit 
s a’  , be  td ’ed  by  the  percent  of  noncon- 
''■•rming  r>ro  uct  outside  the  upper  or  lower 

See  Examo'  e 3 • 


specification  I m*t.  The  percentage  of  non - 
conforming  product  is  estimated  byentering 
Table  B-5  with  the  quality  index  and  the 
sample  size. 

B6.2  Computation  of  Quality  Inuex.  The 
quality  index  Qy  TL-X)/s  shall  be  computed 
if  the  specification  limit  is  an  uoper  limit 
U,  or  - (X-L)/s  if  '.t  s a low*  r limit  L. 
The  quantities,  y and  s,  are  the  sample 
mean  and  estimate  of  lot  standard  deviation, 
respectively. 

Bb.3  Estimate  of  Percent  Defective  in  Lot, 
The  quality  of  a lot  shall  be  exj  ressed  by 
py,  the  estimated  percent  defective  in  the 
lot  above  the  upper  specification  limit,  or 
by  p]_^,the  estimated  percentdeiectivebelc’w 
the  lower  specification  limit . The  estimated 
percent  defective  p^j  or  p|^  is  obtained  by 
entering  Table  B-5  with  Qy  or  Qj^  the 
appropriate  sample  size. 

B6.4  Acceptability  Criterion.  Compare  the 
estimatVd  lot  percent  defective  p\j  or  p^,  v-nth 
the  maximum  allowable  percent  defective  M. 
If  pu  or  p]_^  IS  equal  to  or  less  than  Id.  the 
lot  meets  the  acceptability  criterion;  if  p|j 
or  is  greater  than  M or  if  Qy  or  's 
negative,  then  the  lot  does  not  meet  the 
acceptability  criterion. 

B7.  SUMMARY  FOR  OPERA'^ION  OF 
SAMPLING  PLAN  W'HKN  FORM  2 LS 
USED 

The  following  steps  summarize  the  pro- 
cedures to  be  followed. 

(1)  Determine  the  sample  size  code  let- 
ter from  Table  A-2  by  using  the  lot  size  and 
the  inspection  level. 

(2)  Obtain  plan  from  Master  Table  B*  5 
or  B-4  by  selecting  the  sample  size  n and 
the  maximum  allowable  percent  c elective  V. 

(3)  Select  at  random  the  sample  of  n 
units  from  the  lot,  inspect  and  ecord  *h»‘ 
measurement  of  the  quality  characteristic 
on  each  ‘umt  of  the  sample. 

(4)  Compute  the  sample  mean  X and  the 
estimate  of  lot  standard  deviation  s. 

(5)  Compute  the  quality  index 
(U-X)/,  if  an  Upper  sprcilicattoi.  imit  t' 
specified,  or  Cv  j - (Y-I,)/!  if  a o we  r * ,.• 
ification  liTTiit  I.  :■  specilied. 

(b)  Deterrr.ine  the  estimated  h t p**r<  ent 
defective  or  pj^  from  Table  B 5. 


2 for  a complete  example  of  this  procedure. 
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(7)  U the  eBtimdited  lot  percent  defective 
to  or  le*«  than  the  maxi- 
mum allowable  percent  defective  M,  the  lot 
meets  the  acceptability  c rite  non;  if  py  o r p l 


IS  ijreaier  than  McrifUyorQ^:;*  iug«*livc, 
then  the  lot  does  not  rne«l  the  acceptability 
criterion. 


EXAMPLE  B-1 

Example  of  Calculations 
Single  Specification  Limit  — Form  1 
Variability  Unknown  - Standard  Deviation  Method 


Example  The  maximum  temperature  of  operation  for  a certaindevice  is  specitied  as  <109*  F. 

A lot  of  40  items  is  submitted  for  inspection.  Inspection  Level  IV,  normal  insprc- 
tion,  with  AQL  - 1%  ts  to  be  used.  From  Tables  A~Z  and  B-l  it  is  sec  that  a 
sample  of  size  S is  required.  Suppose  the  measurements  obtained  are  as  follows. 
197*,  I8d*,  184*, 205*,  and  201  * ; and  compliance  with  the  acceptability  c rite  non  is 
to  be  determined. 


Line 

Information  Needed 

Value  Obtained 

Explanation 

1 

Sample  Size:  n 

5 

Z 

Sum  of  Measurements:  XX 

97S 

3 

Sum  of  Squared  Measurements: 

190,435 

4 

Correction  Factor  (CF);  (XX)^/n 

190, 1Z5 

(975)^/5 

5 

Corrected  Sum  of  Squares  (SS);  XX-CF 

310 

190,435  - 190,125 

6 

Variance  (V):  SS/(n-l) 

77.5 

310/4 

7 

Estimate  of  Lot  Standard  Deviation  s:  */V 

8.81 

«/7775 

» 

Sample  Mean  X:  XX/n 

195 

975/5 

9 

Specification  Limit  (Upper):  U 

209 

lU 

The  quantity:  (U-X)/s 

1.59 

(209  - 195)/8.81 

1 1 

Acceptability  Constant:  k 

1.53 

See  Table  B-  1 

u 

Acceptability  Criterion:  Compare  (U*X)/s  with  k 

1.59  > 1.53 

See  Para.  B3.3 

The  lot  meets  the  acceptability  criterion,  since  lU-X)/s  greater  than  k. 

NOTE:  If  a single  lower  specification  limit  L is  given,  then  compute  the  quantity  {X-L)/s  in 
line  lO  and  compare  it  with  k;  the  lot  meets  the  acceptability  criterion,  if  (X-L)/s  is 
equal  to  or  greater  than  k. 
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EXAMPLE  B-2 

Example  of  Calculations 
Single  Specification  Limil  — Form  Z 
Variability  Unknown  - Standard  Deviation  Method 


Example  The  maximum  temperature  of  operation  for  a certain  device  is  specified  as  209*  F. 

A lo’  of  -1C  Items  is  submitted  for  inspection.  Inspection  Level  IV,  normal  inspec- 
tion. with  AQL  - 1%  IS  to  be  used.  From  Tables  A-2  and  B-1  it  is  seen  that  a 
samole  of  size  S is  required.  Suppose  the  measurements  obtained  are  as  follows 
197'  1 8ft  * , 1 84  • . 20b  * , and  201*;  and  compliance  with  the  acceptability  c nt er ion  is 
to  be  determined. 


Linr 

Information  Needed 

Value  Obtained 

Explanation 

1 

Sam  le  Size:  n 

8 

Sum  of  Measurements:  XX 

975 

3 

Sum  of  Squared  Measurements:  XX^ 

190,435 

4 

Correction  Factor  (CF):  (XX)^/n 

190,125 

(975)'^/5 

5 

Corrected  Sum  of  Squares  (SS):  XX-CF 

310 

190,435  - 190,125 

6 

Va-i;mce  (V):  SS/(n-l) 

77.5 

310,4 

7 

Esti  natt  of  Lot  Standard  Deviation  s; 

nTV 

8.81 

8 

Sample  Mean  X XX/n 

195 

97  5,  5 

9 

Spec .fication  Limit  (Upper):  U 

209 

1 0 

Quality  Index;  Qy  = (U-X)/s 

1.59 

(209-195)/8.81 

1 1 

Est.  of  Lot  Percent  Def.t  py 

2.19% 

See  Table  B-5 

12 

Max  Allowable  Percent  Def,:  M 

3.32% 

See  Table  B-3 

1 3 

Acce  liability  Criterion;  Compare  py 

with  M 

2.19%  < 3.32% 

See  Para  . B b.4 

The  lot  meets  th»*  acceptability  criterion,  since  py  is  less  than  M. 

NOTE;  If  a single  lower  specification  limit  L is  given,  then  compute  the  quality  index  = 
0^-L)/s  inline  1 0 and  obtain  the  estimate  of  lot  percent  defective  p.  . Compare  P|^  with 
M;  the  lot  meets  the  acceptability  criterion,  if  p|^  is  equal  to  or  iess  than  M. 
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TABLE  B-1  Slanciard  Deviation  Method 


xcecds  lot 


Ml  imiM 


‘I  AQI-  . .'vlu*  are  in  per.  '-nt  dcffctive. 

Use  first  sampling  plan  S#*Iow  arrow,  that  is,  both  sample  size  as  wrli  as  k valvie.  When  sample  siz#'  equals  or  exceeds  lot 
size,  e-.cry  item  in  the  l -t  must  be  inspected. 
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Part  II 

DOUBi.£  SPECIFICATION  LIMIT 


B8.  SAMPLfNG  PLAN  FOR  DOUBLE 
SPECIFICATION  LIMIT 

This  part  of  the  Standard  describes  the 
procedures  for  use  with  plans  for  a double 
specification  limit  when  variability  of  the 
lot  with  respect  to  the  quality  charact eristic 
IS  unknown  and  the  standard  deviation  method 
IS  used. 

B8. 1 Use  of  Sampling  Plans.  To  determine 
whether  the  lot  meets  the  acceptability  cri - 
tenon  with  respect  to  a particular  quality 
characteristic  and  AQL  value(s)  the  appli- 
cable sampling  plan  shall  be  used  inaccord- 
ance with  the  provisions  of  Section  A,  Gen- 
eral Description  of  Sampling  Plans,  and 
those  in  this  part  of  the  Standard. 

B9.  SELECTING  THE  SAMPLING  PLAN 

A sampling  plan  for  each  AQL  value 
shall  be  selected  from  Table  B-3  or  B-4  as 
follows : 

R9.1  D^te rmniation_of  Sample  S^ze  Code 
Letter.  The  sample  size  code  letter  shall 
be  selected  from  Table  A-Z  in  accordance 
with  paragraph  A7.1. 

B9.<i  Master  Sampling  Tables.  Tne  master 
sar.jpling  tdble.s  for  plans  .>ased  on  variabil - 
ily  unkriown  for  a double  specification  limit 
wnen  using  the  standard  deviation  method 
are  Tables  B-3  and  B-4.  Table  B-3  is  used 
fur  normal  and  tightened  inspection  and 
Table  B-4  for  reduced  inspection. 

B9.3  Obtaining  S<^ir.pling  Plan.  A sampling 
plan  consists  of  a sample*  size  and  the  as- 
sociated rn.iximum  allow.ible  percent  defec- 
tive(s).  The  sampling  plan  to  be  applied  in 
inspection  shall  be  obtained  from  Master 
Table  B-  3 or  B-4. 

B9.3.1  Sample  Size.  The  sample  size  n is 
shown  in  the  master  tables  corresponding 
to  each  sample  size  code  letter. 

B9.y.Z  Maximum  AUowabl^  Defrc- 

Uye.  The  maximum  allowable  percent 
defe*.tive  for  sample  estimates  of  percent 
defective  for  the  lower,  upper,  or  both  spec- 
ification limits  combined,  corresponding  to 
the  sample  size  mentioned  in  paragraph 
B9.3.1,  lb  shown  in  the  column  of  the  mas- 
ter table  corresponding  to  the  appli..able 
AQL/  vaiue(sL  If  different  AQL's  are  a.- - 
signed  to  each  specification  limit, designate 


the  maximum  allowable  percent  defective  by 
MjL  for  the  lower  limit,  and  b/  M^;  for  the 
upper  limit.  If  one  AQL  is  assigned  to  both 
iirnilb  combined,  designate  the  maximum 
allowable  percent  defective  by  M . Table  B-3 
is  entered  from  the  top  for  normal  inspec- 
tion and  from  the  bottom  for  tightened  in- 
spection. Sampling  plans  for  reduced  in- 
spection are  provided  in  Table  B-4, 

BIO.  DRAWING  OF  SAMPLES 

Samples  shall  be  selected  in  accord- 
ance with  paragraph  A7.2. 

Bll.  LOT-BY-LOT  ACCEPTABILITY 
PROCEDURES 

Bll.l  Acceptability  Criterion.  The  degree 
of  tonlormance  of  a quality  cliaracleristic 
with  respect  to  a double  specification  limit 
shall  be  judged  by  the  percent  of  nonconform- 
ing product.  The  pe rc entage  of  nonconlorm- 
ir.'»  product  is  estimated  by  entering  Table 
B-t>  with  the  quality  index  and  the  sample 
size. 

Bll.Z  Cumputati^  aol  Quality  Indices.  The 
quality  indices  : (U-X)/s  and 

(X-L)/s  shall  be  computed,  where 

U IS  the  upper  specification  limit, 

L IS  the  lower  specification  limit, 

A is  the  s**mpie  mean,  and 
s IS  the  estimate  of  lot  standard  deviation, 

Bil.3  Percent  Defective  in  the  Lot.  The 
quality  of  a lot  shall  be  expressed  in  terms 
of  the  lot  percent  defective,  its  estimate 
will  be  designated  by  p|^,  p^j,  or  p.  The 
estimate  indicates  conformance  with 

respect  to  the  upper  specification  limit, 
with  respect  to  the  lower  specification  limit , 
and  p for  both  specification  limits  com- 
bined. The  csUinates  pj  and  py  shall  be 
determined  by  entering  Table  B-b,  respec- 
tively with  Qj  and  Qy  and  the  sample  size. 
The  estimate  p shall  be  determined  by  adding 
the  corr  esponding  estimated  percent  defec- 
tives and  py  found  in  the  table, 

B12.  ACCEPTABILITY  CRITERION  AND 
SUMMARV  FOR  OPERATION  OF 
SAMPLING  PLANS 

B12.1  One  AQL  value  for  both  Upper  and 
Lower  Specification  Limit  ComEineo^ 


I 
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Bl<i.  !.I  Acceptab.  !ity  C*~uerion  Compare* 
the  c*  stimated  '.ol  perc^^nt  deft'CUve  p - p^j  * 
/.1th  the  r laximum  allowable  percent 
defective  M.  If  p is  equu.1  to  or  less  thanM, 
the  lot  meets  the  accepiability  criterion,  if 
p is  greater  th-rr  M or  either  Q^j  or  Q^or 
bota  are  negative  , then  the  lot  does  not  meet 
the  acceptability  criterion. 

B I I .o  ^ummary  fo^r  Operation  of  Sampling 
Plan.  Ir,  case>  -.v^-cre  a s'ngleAQL  value  is 
established  forlhe  upper  and  lower  specifi - 
cation  limit  c-  mbined  for  a single  quality 
characteristic,  the  following  steps  summa- 
rize the  procedures  to  be  used; 

(1)  Determine  the  sample  size  code 
letter  from  Table  A-^  by  u&ing  the  lot  size 
and  tile  inspection  level. 

(2)  Select  plan  from  Master  Table 
B~i  or  B-4.  Obtain  the  sample  size  n and 
themaxim.uma  lowable  percent  defective  M. 

(3)  Se  ed  at  random  *he  sample  of 
n units  from  tl  e lot;  inspect  and  record  the 
rneasurement  >f  the  quality  characteristic 
jH  each  unit  of  .he  >ample. 

(4)  CcTipute  the  sample  mean  K 
and  estimate  of  lot  standard  deviation  s. 

(^)  CoTinute  the  quality  indices 
Qtj  ^ PJ-R)/s  .»nd  Ql  --  r^-L)/s. 

(6)  Dete»*mine  the  estimated  lot 
percent  defect  ve  p - p?T  * nr  from  Table 
B-5. 

(7)  If  ‘he  estimated  lot  percent  de- 
fective p is  eq'ial  to  or  less  than  the  maxi- 
mum allowabl*‘  percent  defective  M,  the  lot 
meets  the  acc  •‘ptabil’ty  criterion;  if  p is 
greater  than  V or  if  either  Qy  Ql 
both  are  negati'  e,then  the  lot  does  not  meet 
*he  acrep‘abi!t  y criterion. 

D1/.2  Differed  AQL  Values  for  Upper  and 
Lower  ’.tion  Limit. 

012.2,’  A - op-abi’.ity  Criteria.^  Compare 
the  estimated  1 * p»»rcent  defectives  p^  <*nd 
PU  with  the  CO-  ^spond.ng  maximum  allow- 
able percent  d 'ectives  Mf  and  M^;  also 
ccm;pare  p p*  * o^,  with  the  larger  of  M j 
and  Vl^».  If  p*  9 equal  to  or  less  than  M]^, 
p^»  n equal  ».c  or  Uss  than  V^r,  and  p is 
equal  to  les  than  rSe  larger  of  M and 


MuitheJot  meets  the  acceptability  criteria; 
otherwise , the  lot  does  not  meet  the  accept- 
ability criteria.  If  either  or  Qrt  or  both 
are  negative,  then  the  lot  does  not  meet  the 
acceptability  criteria. 

B 1 2 .2.2  Summary  for  Operation  of  Sampling 
Plan.  In  cases  v^ere  a different  AOL value 
is  established  for  the  upper  and  lower  spec- 
ification limit  for  a single  quality  character- 
istic, the  following  steps  summarize  the 
procedures  to  be  used; 

(1)  Determine  the  sample  size  code 
letter  from  Table  A-2  by  using  the  lot  size 
and  inspection  level. 

(2)  Select  the  sampling  plan  from 
Master  Table  B-3  or  B-4.  Obtain  the  sample 
size  n and  the  maximum  allowable  percent 
defectives  My  and  M cor  responding  to  the 
AQL  values  for  the  upper  and  lower  speci- 
fication limits,  respectively. 

(3)  Select  at  random  the  sample  of 
n units  from  the  lot;  inspect  and  record  the 
measurement  of  the  quality  characteristic 
on  each  unit  in  the  sample. 

(4)  Compute  the  sample  mean  ^ 
and  estimate  a lot  standard  deviation  s, 

(5)  Compute  the  quality  indices 
Qf  ■ (U-^)/s  and  Ql  = (X-L)/  s. 

(b)  Determine  the  estimated  lot 
percent  defectives  p^j  and  pL,  correspond- 
ing tothe  percent  defectives  above  the  upper 
and  below  the  lower  specification  limits. 
Alsodetermine  the  combined  percent  defec- 
tive p = pu  + PL- 

(7)  If  all  threeof  the  follow  ng  con- 
ditions ; 

(a)  pjT  equal  to  or  less  than 

Mu. 

(b)  pt  is  equal  to  or  less  than 

Ml. 

(c)  p IS  equal  to  or  less  ban  the 
larger  o'  and  M^j, 

are  satis fied,  the  lot  meet s the  acceptability 
criteria;  otherwise  the  lot  dees  not  meet  the 
acceptability  criteria.  If  either  Ql  or  Qy 
or  both  are  negative,  then  the  lot  does  not 
meet  the  acceptability  criteria. 


5 for  a complete  example-  o'  this  procedure. 
Plx.iTTi  for  .1  cnmo’ete  example  uf  thi«  procedure. 
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Example  of  Calculations 
Double  Specification  Limit 
Variability  Unkjiown  - Standard  Deviation  Method 
One  AQL  Value  for  both  Upper  and  Lower  Specification  Limit  Combined 


Example  The  minimum  temperature  of  operation  for  a certain  device  is  specified  as  180'  F. 

The  maximum  temperature  is  209°  F.  A lot  of  40  items  is  submitted  for  inspection. 
Inspection  Level  IV,  normal  inspection,  with  AQL  = 1%  is  to  be  used.  From  Tables 
A-2  and  B-3  it  is  seen  that  a sample  of  size  5 is  required.  Suppose  the  measure- 
ments obtained  are  as  follows;  197°,  188',  184°,  205°,  and  201°,  and  compliance 
with  the  acceptability  criterion  is  to  be  determined. 


Line  Information  Needed 

1 Sample  Size:  n 

2 Sum  of  Measurements;  IX 

3 Sum  of  Squared  Measurem.ents: 

4 Correction  Factor  (CF);  (liX)^/n 

5 Corrected  Sum  of  Squares  (SS):  iX-CF 

6 Variance  (V);  SS/(n-l) 

V Estimate  of  Lot  Standard  Deviation  ii:  "JV 

8 Sample  Mean  X;  iX/n 

9 Upper  Specification  Limit:  U 

10  Lower  Specification  Limit:  L 

11  Quality  Index;  Qy  = (U-X)/s 

12  Quality  Index:  Qj_^  = (X-L)/s 

13  Est.  of  Lot  Percent  Def.  above  U:  p^ 

14  Est.  of  Lot  Percent  Def.  below  L;  p^^ 

15  Total  Est.  Percent  Def.  in  Lot:  p P . r p 

U L 

16  Max.  Allowable  Percent  Def..  M 

17  Acceptability  Criterion;  Compare  p = py  + 
PL  with  M 


Value  Obtained 


5 

97  5 
190,435 
190,125 
310 
77.5 
8.81 
195 
209 
180 
1.59 
1.70 
2.19<yo 
.66% 
2.85% 
3.32% 
2.85%  V 3.32% 


Explanation 


(975)^/5 

190,435-190,125 

310/4 

n/77T5 

975/5 


(209-195)/8.81 

(195-180)/8.81 

See  Table  B-5 

See  Table  B-5 

2.19%  + .66% 

See  Table  B-3 

See  Para. 
B12.1.2  (7) 


The  lot  meets  the  acceptability  criterion,  since  p = py  + Pj^  is  less  than  M. 
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EXAMPLE  B-4 

Example  of  Calculations 
Double  Specification  Limit 
Variability  Unknown  - Standard  Deviation  Method 
Different  AQL  Values  for  Upper  and  Lower  Specification  Limits 


Example  The  minimum  temperature  of  operation  for  a certain  device  is  specified  .is  180*  F. 

The  maxi murn  temperature  is  i09*  F.  A lot  of  40  items  is  submitted  for  inspection. 
Inspection  Level  IV,  normal  inspection,  with  AQL  = 1%  for  the  upper  and  AQL  * 
lor  the  lower  specification  limit  is  to  be  used.  From  Tables  A- 3 <-.nd  B-3  it 
is  seen  that  a sample  of  size  S is  required.  Suppose  the  measurements  obtained 
are  a a follows:  197*,  188*,  184*,  Z05*,  and  ZOl  * ; and  compliance  with  the  accept- 
ahility  criteria  is  to  be  determined. 


Line 

Information  Needed 

Value  Obtained 

Exjilanation 

I 

Sample  Size:  n 

5 

Z 

Sum  of  >.teasureir»entfl:  XX 

97  5 

3 

Sum  c'  Squared  Measurements; 

190.435 

4 

Correction  Factor  (CF):  (lX)^/n 

190,125 

(975)‘^/5 

4 

Corre>.ted  Sum  of  Squares  (SS);  iX-CF 

310 

190.435-lq0.125 

Variarce{V);  SS/(n-l) 

77.5 

310/4 

7 

Estima  te  of  Lot  Standard  Deviation  s:  •*/V 

8.81 

s'7'7:5 

8 

SampI'-  Mean  X:  IX/ n 

195 

975/5 

7 

Upper  Spe cific«ation  Limit:  U 

209 

10 

Lower  Specification  I.,imit:  L 

180 

1 I 

Qualitv  Index;  Q^j  = (U-X)/s 

1.59 

(20O-iq5)/8.81 

i;. 

QuaJit/  Lrdex:  = (X-L)/s 

1.70 

(iq5-'80)/8.81 

1 3 

Est.  o'  Lot  Percent  Def.  above  U;  p^ 

2.1  97o 

See  Table  13-5 

14 

Est.  o TjOt  Percent  Def.  below  L; 

.069i 

See  Table  B- 5 

IS 

Total  -,«t.  Percent  Def.  in  Lot;  p = 

2.85% 

2.19%  * .66% 

lf> 

Vax.  /Ulowable  Percent  Def,  above  U:  M^j 

3.32% 

See  '^able  B-3 

;? 

Max,  Allowable  Percent  Def.  below  L:  Mj^ 

9.80% 

See  Table  B-3 

IH 

Arcep* ability  Criteria:  (a)  Compare  py 

with 

(b)  Compar e 
with 

(c)  Compare  p 
with  Mj^ 

2.19%  < 3.32% 
.66%  c q.80^, 
2.8'.%  e O.80??o 

See  Tara. 
B12  .’..2(7)(a) 
See  °ara. 
B12.2.2(7)(b) 
See  Para. 
B12.2.2(7)(c) 

V;.. 

Th-  lot  meet  acceptabi’ity  criteria,  since 

P.  • V p 

18(a),  (b),  and  (c)  are 

sati.efied:  i.e.,  py  < 

44 


Standard  Deviation  Method 


MIL-STD-414 
11  June  1957 


-4IL-STO-414. 
II  June  1S57 


u 

4 

ft 

t 

ft 

4 

a 

ft 

c 14 
’ ft 

X 

a 

3 ' ft  • 

ft  . ft  -ft 

'i 

4 

ft 

► 

a 

ft  1 

• 7 

7 S 

a a 

1 7 

X 

f 

ft 

3 ft 

a s 

2 

a 

a 

2 

a 

a 

8 

r‘, 

=>i 

a 

ft 

4 

i 

ft 

ft 

0 

ft 

3 

fj 

* ^ 

ft  ft 

r 

ft 

7 s ? 

ft  ’ ft  ft 

2 

ft 

r 

8 

ft'  7 

a a 

7 3 
a a 

1 2 

X 

u 

< 

3 

X 

a 

a ft 

a a 

a 

X 

a 

a 

9 

a 

a 

a 

8 

'1 

71 

iJ 

4 

ft 

ft 

a 

ft 

S 

ft 

R 8 

ft  ft 

r 

ft 

8 1 ft  9 

^ 

M 

ft 

« 

ft 

r 

? 

a 

» ‘ 

’.L_i 

7 s 

i 3 

ft 

a 

4 

a 

a 

X 

lQ. 

a 

X 

; 

9 

a 

H 

t • 

p 

4 

4 

3 

ft 

ft 

ft 

S 

9 

ft 

% a 
ft  ft 

a 1 a 9 
ft  ft  a 

a 

ft 

8 

ft 

F 

f 

4 *1 

V-’  J 

3 a 
a a 

S 3 

ft 

a 

X 

3 ft 

a a 

3 

a 

« 

; 

« 

a 

ft 

a ■ 

4 

4 

ft 

a 

a 

ft 

a 

ft 

P 

ft 

? 3 
ft  ft 

a 

A 

sax 
Z.  « 

ft 

k 

ft 

S 

ft 

ft 

a 

» 

a a 

5 2 
a a 

9 4 

X 

a 

ft 

4 

X 

7 ft 

a 

1 

X 

a 

a 

1 ' 

3 

ft 

4 

X 

ft 

9 

A 

4 

ft 

4 

C 

P 

ft 

ft  ft 

4 

ft 

X A 1 

ft  I ft  ft 

a 

3 

ft 

9 

X 

4 

1 P 

7 a 

3 2 

3 a 

:•  ^ 

X 

p 

ft 

a 

3 

a 

■’ll 

a 

a 

a 

9 

a 

X ' 

-i 

ft 

t 

X 

8 

r 

i X 

B 

f ’ 4 ^ 

7 

R 

4 

i 

ft 

< 5^ 

V 2 

9 3 

7 

I 

9 

ft 

7 ft 

s 

a 

A 

''1 

4 

ft 

ft 

ft 

ft 

ft 

ft  ft 

ft 

ft  I ft  M 

ft 

T. 

2 

3 a 

3 a 

2 2 

2 

2 

a 

i 6 

a 

a 

a 

31 

t 

a 

J 

a 

4 

ft 

X 

a 

ft 

8 

ft 

1 1 
•1  .. 

d 

a y*  ft  f 

ft  ' ft  4 

j« 

ft 

* 

J 

8 P 

3 2 

U’- 

7 > 

4 

h 

a 

ft 

3 

a 4 

)■ 

X 

a 

a 

1 

P 

i 

ft 

S 

4 

? 

4 

c 

a' 

3 

ft 

R 

1 ^ 

ft  ft 

t 

ft 

X ‘ R 8 

a 

ft 

t 

8 

9 X 

- J-J 

ft  a 
3 a 

4 ft 

; 

a 

ft 

a 

3 

« 

a 

3 

a 

a 

a 

9 

a 

9 

t 

8 

ft 

4 

4 

4 

f 

ft 

n 

ft 

B 

ft 

3 ft 
ft  ft 

9 

i ; a 4 
ft  1 ft  ft 

ft 

ft 

4 

4 P 

2 a 

9 7 
a a 

X 5 

■5 

2 

a 

a 

a 9 

3 

9 

H 

a 

X 

a 

1 

4 

4 

a 

ft 

a 

ft 

ft 

n 

V 

ft 

3 M 
ft  ft 

F 

ft 

8 ; > 9 

ft  : ft 

ft 

a 

X 

a ft 

• 

X ft 

u' 

8 r 
a 2 

5 

a 

a 

7 

a • 

a 2 

t 

; 

a 

a 

a 

H 

a 

a 

a 

L 1 

4 

n 

F 

ft 

? 

ft 

F 7 
!i  ft 

ft 

i,  ; > ft 

ft  . ft  ft 

7 

ft 

ft 

a 

i 

a 9 

.•i  a 

i t 

a 2 

4 4 

a 2 

ft 

A 

X 

a 

a ft 

^ ( = 

a 

a 

2 

F 

a 

a 

ft 

r1 

-"J 

1 

A 

ft 

P 

4 

X 

A 

(> 

4 

ft 

a 

3 B 
a ft 

a 

•ft 

n * a 7 

'LL."  " 

J 

ft 

K 

ft 

8 

H 

’ ' 

¥ i 

• i 

2 4 

a a 

X 

7 

a 

; 

1 

rh 

: 

X 

a 

8 

a 

a 

u 

a 

r1 

-1 



ft 

R 

ft 

X 

4 

4 

4 

ft  a 

a 

a 

rf  •• ' 

J 1 ft  a 

ft 

a 

4 

A 

ft 

2 

M 

8 S 
ft  2 

t. 

ft  J 
a 

a 

4 

X 

ft 

X 

3 X 

3 a 

8 

a 

X 

7 

a 

9 

X 

5 

U 

4 

£1 

4 

& 

ft 

a 

ft 

8 

ft 

8 ? 
4 4 

M 

< 

. - 8 

a 

a 

fi 

' 

8 

H a 

a ft 
t - 

2 8 

a 

a 

H 

2 

8 i 1 

2 1 a 

a 

X 

a 

* 

e 

a 

a 

a 

8 

a 

ij 

ft 

ft 

9 

xi 

% 

ft 

« 

ft 

9 

ft 

ft  F 

a « 

a X F 

4 a a 

4 

i 

t 

a 

« 

4 

a 

7 t 

a a 

p a 

f a 
a H 

y 

a 

X 

a 

a 

a 

X 

a ft 

2 a 

4 

a 

5 

9 

a 

a 

4 

7 

3 

ll 

r“  1 

F 

P 

P 

X 

F 

••  *• 

s 

r • a 

X 

9 

4 

n 

X 

ft 

B i 

V ft 

9 9 

4 

9 

X 

9 

X 1 8 

-Ljl 

a 

8 

5 

X 

8 

i 

c, 

« 

' 

4 t X P a 4 

j:  Jh  i X X a 

4 t K F a 

V s I 
i.  t L i A X 


u t X e 
a a 
a u'V  0 


d F 4 I a 1 4 

t;  X X fi  ft  a 

a P sT  g 

t i X X a ft 

a (.  a ft  * ft 

('  X X X ft  ft 


ssxftxa  L s 
: a a a a s .-jaR 
. ft  * w~i  ~f  a ■ fc'~3 

. fT  5,”””*s~4~  s~y 

! a a a a s .■  as 

I 4 s ft'V^a  ft  \ 

I ft  a a s s ft  ■ a « 

I ft  F ft^t”  s'*ft 

! 2 a_a  ft  |_jil  s 

"ftp  ft"l!  a V 'j  ft*  'i 
I z a ft  a ft  g 8 a 
laxxnsft  j~X3 
> ft  a ft  « a a j a k 
;”5"V~ft""4  *i~a  (“r's 


fjsing  Standard  Deviation  Method 


11  June  ;.957 


j 

I plaoitassfir 

: i^’tsutaatjea 

! * ; « «■  . - * « 

\Za—*  *_•_”  ^ ‘L 

' f ^ * **  1 3 ^ F 5 :: 

i ,pU«^xas«i 

I 

' q8’<^85/7? 

lIl*-  * - " ■ - - 

; 'g'6P  --Ja?C1 

: !— 4J-  ^ 1 - '■_  * " " •* 

'.  i ^ *i  ^ ^ 

i ^ > 3 : a fi  t ^ 7 


^ . 5 2?  « a 

5 ? a a 8 

a ; a i;  a ^ 

?!  a a a 3 

7 I 9 5 6 S 

a ! t a a # 

X ’ n a 3 9 

- ^ ' 

< ; a 3 ( 4 

a p6  K < p 

a 3 g t 9 


ti  xaaaasXPaa 

3 ( "^5 

25  ^tpRSUfJ^Xp 

- -- - -^  — — — - ...  I — — - — - - - 

88  .8988888888 

• I lo'<bo>.opdoo 


7 a n 5 a 

^ ft  5 9 3 

s « a 8 r 

a 8 a 8 c 

ft  5 8 It  ft 

q a X X ft 

a 8 B 4 p 

8 6 0X9 

4 P 9 X 9 

7 a ft  a 8 

7 a 9 a ft 

t t D t K 

8 8 8 8 8 

e e u d o 

8 8 H 8 b 


6 P 9 9 
4 X S P 
g p 4 « 
X & P a 
P 9 X J 

? P a 7 

9 2 7 9 


ft  ft  a 3 

0X96 
S 9 0 X 

a X a 8 

’3898 

8 8 8 8 


( s ? 9 a 0 5 .7  3 9 y 
ixpftaastasf 
S7ifta7«t3« 
^ 9 92«59affta 
j 3 PSPaSBOSP 
ftsoassstrr 
iPBPaxttOPt 
:sos8p;app9 

I 4 380BftPF»t 

!as»8aPS3X6 

,44PP9X77Xft 

^~;~9  ' sPtP'tig 

|3fc5  7X«5axP 

'888898PP88 

' oddcneoddd 

,8888888988 

!8888888888i 


9 g 

r 

X 

X 

3 

8 

0 

a 

3 

X 

2 

f 

a 

a 

fi 

2 

2 

X 

t 

X 

9 t 

2 

X fi 

r. 

3 9 

9 

9 

s 

9 

9 

♦ 

• 

♦ 

• 

• 

• 

• 

“ 

• 

• 

■ 

' 

*•  *■ 

*■ 

• ' 

P g 

p 

- 

c 

!; 

P 

0 

i 

fi 

9 

y 

g 

a 

• 

2 

9 

ft 

ft 

c 

9 1 

» 

a 8 

1 

a i 

9 

9 

9 

9 

♦ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

■ 

'•  ■ 

' 

*■  • 

* , 

P 8 

P 

• 

9 

ft 

a 

1 

ft 

1 

ft 

r 

a 

► 

2 

2 

4 

p 

* 1 

2 

ft  4 

e ; 

3 9 

9 

9 

9 

9 

• 

* 

• 

• 

• 

• 

• 

• 

' 

*■ 

••  • 

• 

t;  9 

? 

8 

5 

a 

P 

P 

9 

Z 

ft 

S 

5 

X 

8 

2 

9 

6 

8 

a p 

t a 

ft 

a 9 

9 

9 

3 

9 

• 

» 

• 

• 

• 

• 

• 

• 

• 

• 

• 

■■ 

' 

• • 

8 4 

& 

7 

S 

a 

4 

X 

7 

J 

4 

k 

9 

X 

7 

B 

g~’ 

9 

P 

fi  2 

a 

ft 

6 P 

a 

3 si 

9 

9 

9 

9 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

'* 

*• 

f 

* 

• • 

.1  s 

ft 

9 

? 

X 

P 

ft 

8 

8 

p 

P 

P 

4 

• 

3 

7 

% a 

9 

X 

B r 

a 

:j  ! 

9 

9 

9 

3 

-» 

i • 

• 

• 

• 

• 

- 

• 

- 

*•  •“ 

• • 

0 4 

1 

ft 

* 

8 

p 

t, 

ft 

a 

4 

ft 

5 

ft 

R 

fi 

X 

] ft 

2 

P 

ft  r 

* 

a 3 

a 

9 

9 

9 

* 

' J 

• 

♦ 

• 

- 

• 

• 

• 

• 

' 

• • 

>•  g 

7 

7 

ft 

X 

1 

(f 

a 

X 

8 

S 

a 

fi 

2 

3 1 

4 

P 

2 

9 4 

3 

e ft 

a 9 

9 

9 

9 

9 

• 

*' 

• 

• 

• 

• 

• 

• 

• 

• 

»• 

' 

• « 

H P 

P 

3 

a 

8 

4 

s 

1 

8 

9 

t 

r 

a 

ft 

1 

« 

ft 

{ 

X 5 

X 

P 7 

ft 

9 

3 

9 

9 

9 

• 

• 

♦ 

• 

• 

• 

• 

• 

• 

- 

'•  ' 

B P 

P 

9 

X 

P 

» 

8 

ft 

ft 

p 

s 

9 

3 

0 

t 

2 

ft 

0 ft 

fi 

3 ft 

X 

•‘  9 

9 

9 

9 

• 

• 

• 

» 

• 

• 

• 

• 

• 

• 

• 

f' 

f ». 

• 

^ • 

6 i 

y 

a 

ft 

g 

7 

7 

ft 

3 

6 

a 

1 

a 

9 

P 

P 

8 

ft 

3 

X r 

a 

V 

a 2 

a 

: 9 

a 

9 

3 

• 

• 

• 

• 

• 

• 

*“ 

* • 

• 

♦ • 

ju 

9 7 

k 

« 

• 

X 

a 

P 

7 

a 

7 

0 

P 

X 

2 

5 

ft 

7 

a ft 

9 

6 

t 9 

9 9 

• 

• 

• 

• 

• 

* 

• 

* • 

*■ 

ft  6 

p 

p 

; 

X 

• 

1 

a 

6 

P 

? 

B 

ft 

f 

X 

4 

B 

9 

1 

f 

1 

0 3 

8 

9 

2 2 

a ft 

* 

a 

ft 

• 

a 

8 

a 

ft 

ft 

a 

8 

ft 

S 

fa 

1 

fi 

ft 

a ft 

ft 

a 

fi  ■ 

a 

a X 

fi 

ft 

8 

ft 

g 

ft 

ft 

w 

8 

H 

ft 

ft 

ft 

fi 

fl 

8 

ft 

ft 

fi 

ft) 

. 

8 

8 

ft  ft 

ft 

MlL-STD-414 
11  June  1957 


t ■ ■ s > i s ; • J s - * > ? 1 t 1 i I M ’ 3 S'  — 5 1 1 > 5 1 M t » i 

. ■ ■ ® ^ ' **  ' J>  o o u ] o caQoenoee  loodd  >add 

rriTl  3 ^ f^5  3 1 finTTaT^iT" 

r'e  J 1 > £ C i J f . f r-  .'  I ; 5 i 3 k < ; Tt  j 3 ; j 5 ' = 3 rfF-l”:”" 

I **  **  ^ * o • • . ^ v>  o t»  a a d d o d o d 00000  >oooe->ooo 

r I 5 5 k i i i f . i<  ? ? - - - , 


3 i 3 a S 3 


i 3 5 * a & £ ■ 

Ts"' 


H H b 1 ^ * 

r ;7TTT^ *>  YTi 

M M * £ (3  6 3 

5S«3l?Jss3 


a 

9 

3 

J 

A 

Q 

a 

a 8 

p 

5 

t 

9 

r p 

F 

3 

3 

9 

X 

8 

3 

a 

c 

a 

it 

- 

3 

9 

'' 

•• 

"■ 

~ 

'• 

•• 

"■ 

'• 

~ ** 

- 

-• 

- 

•« 

- 

- 

- 

-- 

- 

- 

- 

- 

- 

- 

- 

- 

S. 

d 

r 

s 

J 

9 

K 

= 

k 

'•j 

:: 

3 9 

ii 

k 

P F 

£ 

3 

3 

k 

5 

3 

3 

i 

s 

9 

3 

E 

9 

4 

a 

? 

*• 

*• 

■• 

*» 

** 

~ *> 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

a 

r 

P 

3 

9 

3 

A 

a 

.1 

8 /• 

£ 

£ 

d 

f 

p p 

3 

3 

a 

a 

I 

3 

9 

;; 

3 

t 

4 

3 

3 

k 

s 

g 

*• 

"■ 

■* 

"• 

"■ 

'* 

*• 

-• 

- 

- 

- 

-4  .. 

.4 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

f 

i 

3 

k 

C 

2 

k 

a 

a 

8 d 

; 

3 

k 

? ? 
- i - 

; 

f 

; 

= 

r 

■? 

t 

: 

6 

a 

i 

a 

9 

r 

3 

8 

i 

« 

p 

3 

b 

; 

9 

k 

;■ 

2 

s 

8 P 

g 

k 

k 

9 

P 

i 3 

a 

k 

3 

3 

9 

9 

8 

— ! 

a 

3 

1 

i 

g 

E 

i 

i 

3 

P 

5 

a 

9 

% 

a 

- 

9 

A 

f • 

5 

8 

♦ 

P 

3 

3 

3 

k 

9 

k 

4 

a 

9 

9 

5 

1 

jr 

? 

8 

k 

a 

- -i 

*• 

*• 

'• 

*• 

" 

*• 

*• 

"• 

'• 

- ‘ 

- 

- 

- 

- 

- .. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0 

0 

3 

3 

k 

a 

5 

a 

8 

k 

2 k 

d 

P 

3 

3 

3 

a 

9 

R 

k 

a 

8 

3 

a 

s 

g 

? 

k 

2 

a 

£ 

*• 

** 

'• 

■’ 

*• 

•* 

"■ 

- 

- ^ 

- 

- 

- 

•• 

"• 

- 

-• 

- 

- 

- 

•4 

- 

- 

d 

© 

0 

e 

! 

s 

- 

a 

s 

< 

a 

3 

8 

a 

> 

5 

8 • 

i 

3 

9 

9 ^ 

3 

• 

9 

U 

4 

3 

s 

f 

§ 

S 

i 

a 

1 

k 

i 

'' 

*• 

*• 

“* 

•* 

'' 

'' 

•* 

- 

- 

- 

- 

- 

-• 

- 

-< 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0 

d 

r> 

0 

0 

0 

1 

s 

9 

3 

a 

5 

i 

a 

a 

k 

» 

U t' 

C 

3 

9 

a j 

9 

j; 

r 

4 

R 

- 

a 

$ 

? 

5 

i 

3 

V 

i 

3 

9 

g 

"• 

*• 

*• 

"• 

"• 

" 

- 

- 

* - 

-• 

-• 

- 

- 

- 

-• 

- 

-* 

- 

- 

- 

- 

- 

6 

d 

6 

0 

0 

0 

e 

.X 

a 

a 

a 

8 

a 

i 

9 

< 

C 

C 1 

3 

X 

3 

9 a 

s 

X 

R 

5 

i 

S 

b 

8 

8 

; 

9 

s 

£ 

d 

a 

f 

? 

= 

2 

"• 

"■ 

"• 

** 

*■ 

*• 

*• 

-• 

•* 

-• 

- 

-« 

- - 

•* 

- 

- 

- 

- 

- 

-* 

- 

- 

- 

- 

- 

0 

0 

0 

d 

© 

0 

d 

c 

i 

9 

a 

i 

f 

r 

3 

2 i 

3 

k 

s 

8 

4 

8 a 

2 

8 

s 

k 

5 

» 

b 

a 

k 

£ 

5 

a 

V 

i 

i 

9 

s 

9 

*• 

*• 

*• 

*• 

*• 

-• 

•• 

-• 

-* 

-• 

— 

- 

- 

- 

-•  ^ 

-• 

-• 

- 

-• 

0 

d 

0 

d 

« 

0 

0 

0 

© 

0 

d 

0 

a 

1 

3 

9 

# 

* 

k 

a 

3 

8 ;• 

9 

8 

*' 

8 

r ? 

p 

3 

3 

'4 

* 

r; 

2 

3 

1 

6 

2 

i 

1 

9 

4 

£ 

X 

*• 

- 

“• 

•* 

- 

- 

-* 

- 

-• 

" ■“ 

<> 

d 

0 

0 

0 0 

d 

0 

r 

d 

0 

0 

© 

0 

d 

0 

0 

0 

0 

d 

c 

0 

0 

0 

d 

' 

5 

a 

a 

f 

p 

3 

i 

A 

s 

t 

X 2 

A 

5 

rS 

• 

"it 

3 

S 

W 

R 

i 

? 

S 

8 

8 

S 

( 

? 

« 

8 

8 

g 

g 

0 

® 

** 

0 

d 

» 

■' 

0 .-. 

«* 

0 

0 

0 

0 

0 

0 

-> 

0 

0 

d 

d 

d 

d 

0 

© 

0 

0 

0 

© 

0 

0 

; 

8 

H 

8 

a 

a 

% 

8 

8 

8 

8 8 

8 

8 

a 

8 

8 

8 8 

8 

e 

H 

8 

8 

8 

8 

8 

8 

'~8 

g 

g 

f 

g 

g 

g 

g 

g 

g 

1 

« 

« 

0 

0 

0 

d 0 

d 

0 

0 

d 

_®_i_  *» 

0 

d 

0 

0 

d 

0 

0 

0 

0 

0 

•> 

d 

d 

© 

© 

0 

H 

A 

8 

8 

8 

e> 

8 

8 

8 

8 F 

8 

8 

8 

« 

8 

8 8 

K 

8 

8 

8 

8 

8 

8 

8 

6 

§ 

? 

1 

§ 

t 

g 

g 

0 

g 

g 

t 

1 

« 

® 

d 

" 

0 

0 

e 0 

d 

0 

«> 

d 

d 

d 

0 

d 

0 

d 

0 

0 

d 

0 

d 

0 

0 

0 

0 

i 

S 

fl 

a 

S 

S 

8 

8 

8 

H 

. 

8 ^ 

8 

8 

8 

8 

8 

8 ! B 

8 

8 

6 

8 

8 

8 

8 

P 

8 

§ 

% 

g 

g 

g 

g 

g 

g 

g 

g 

; 

’’ 

** 

° 

** 

® 

** 

® 

■* 

0 

d 1 0 

« 

« 

« 

0 

0 

0 

d 

d 

® 

0 

« 

«* 

«» 

® 

« 

g 

9 

; 

9 

s 

t 

I 

$ 

8 

8 

a a 

« 

S 

8 

a 

r : 

- 

3 

3 

i 

a 

• 

3 

a 

» 

8 

8 

a 

a 

a 

a 

X 

b 

a 

9 

MIL-CrD-'". /» 
11  June  1®5" 


? M I I 5 I ] I 3 ? 

^ i sTTTT7~F5~ 

e o p o o o o o o o 

’’’  ll  n ? H ! ! ^ 

? M § I S.  8 ?T 
isT*?  i i I Fj~TTT 

■ * o'  c>  f»  o o c>  c>  o o a 

j9.SJi3sS?5?§53 

I^rTFs  2 3 ? rTTVT 

■OOO  'OOOOOO 

iRs  8 = 5 ’I  i?  8 S 9 r 

J I j O o o o o o ii  o r>  O 

''"if  I ^ fTTTTTT 

m3  3'fTl‘TTT 

^ o **  , **  OOP  oboe 

■5,338  2 58883s 

^^T1T1~3~1TTT 

[ !_o  e o -5  o b b b b b 

v'fl  8 § 8 rrsTT 

I e e e e o b b b b o 

FT;;  | | fT"?!' M‘|‘ 

iTF?  TT  r 8^ 

rr^T'n~r  sttft 

, |obab''<>bbbb 


! I I I 8 8 8 3 3 3 3 ! 

S s 3 s J 3 ? 3 ? 3 1 

, bboebbubbo  ^ 

! 8 3 3 3 3 3 3 3 3 S 

pcoobbab  b b 

3333533  533 

_|__o__e__o__y  b c b e b <•' 

I I I 3 3 s 3 9 3 5 S""^ 

; 3 5 5 S S 9 9 a 8 9 i 

I e Q Q o o b b e o o I 

i 9 3 a a s a 3 s s 3 1 

[O.-ibbbb  bbbb  t 

9 I 3 3 9 § 3 3 3 3 

eoooo<^ooeo 

3 3 8 a 3 I a 5 3 8 

o*)oeoo  OOO 

I a 8 § § 8 'ra  9 8 § ' 

I b b b e b b b b r'  o ' 

, 8 8 S 8 M s g’rF!' 

^ ebbbbc'bbo  , 

I 8 8 8 8 8 8 § 878  8 * 

I O O obor:obob  ]_ 

! 8 § 8 8 8 8 8 8 8 8^  i 

j oodbfibboQo  I 

iTTTTl  8 8 8 8 8~  i 

oooeoooooo  ^ 

^8iT8  8 8 8 a^rrr^ 

I c eobnbebeb 

I 8niTl'  a"!  8 8 8 8 

Ibbbbbocboo  | 


3 8 5 5 8 3 13  3 5 
5 5 3 5 8 Ts  8 5 5 

b o b b b b b ' o » 

5 3 3 8 3 5 5 3 5 3 

OOOOCiboOOO 

8 9 5 sTTTTTT' 

nooobeb^bb 

rfy'i  8 3 9 5 1 3 

13  5 1 aT'i’T’iT' 

b b b b ■ be  bob 

S3oo92i?i^ 

0 b uoeebebb 

3 fTfTTT®~T~f 

TTTT?  8 5 rr^ i 

oeeo**'  '>ocoo 

TT  8 3 yi  a a aT 

» ' o o ■>  e b o b b 

8 8 8 8 8 8 1 8 8 § 

8 8 8 8 8 rT8~T f 

8 8 8 8 8 8"’  S 8"  8 8 

eocft>ooeceb 

TT  8 8 8 sT” 8 T"8  ' 

e b e b b b c o e e 

9 8 8 8 8 8 aTTT 

eoooe  oc-bo 

1 8 8 8 I 9 bT  8 8 

oeobboo  bb 
S;JS2JlS#E5r 


I o«'e  eoeoe 

rf  ^ “F- T1“&T1 
|TTT a - TfTTl 

] I I 2 a V.  ^ 3 a 

F j"Frr'^TTTT& 

b e o'  b _ b c 

1 S 5 F(  • b & 5 Fs 
I 8 ! a T 5~ 

'TTT^'TTTT’3 

j”fls5;^8pa»8 

T88T8998o‘'8 

I 8 8 8 Tb  8 8 8 aT 

o b b fc.  c ; o e b 

TTs  8 8 8 3 S 9 ? i 
|T7’T~ fT  T i~f“i 
I T gTTTTti'TT'e 
’Tl~g'"5'6  7TTT1' 


MIL-STD-4U 
11  June  1657 


\ytr 


ESTIMATION  OF  PROCESS  AVERAGE  AND  CRITERXA  FOR 
REDUCED  AND  TIGHTENED  INSPECTION 


F'3  FST'M  \'^ION  OF  PROCESS  AVER- 
AGE 

Th*'  Average  percent  defective,  based 
upon  a group  of  lots  submitted  for  original 
inspection,  is  called  the  process  average. 
Original  insp*  ction  is  the  first  inspection  of 
a particular  quantity  o*"  product  submitted 
for  acceptabil  ty  as  distinguished  from  the 
inspect! on  of  _ roduct  which  has  been  resub- 
mitt<“d  after  prior  rejection.  The  process 
averag'*  s!iall  be  estimated  from  the  results 
of  insp/*-  tion  ('f  samples  drawn  from  a spec- 
ific ' number  'f  preceding  lots  for  the  pur- 
pose of  determining  severity  of  inspection 
d'l-'ngfbe  course  of  a contract  in  accordance 
v'-th  !>a’-agraph  BJ4.3.  Any  lot  shall  be  in- 
clu'i'e  o^Te  \n  estirn.ating  the  process 

Av«‘ 'ago.  The  rstifnateo^  the  process  aver- 
age designated  by  by  when  computed  with 
resr»ect  to  an  ipner  specification  limH,  by 
Pe  comm  ute -!  with  respect  to  a lower 

specification  rr»’t,aji^i  by  b when  computed 
with  respect  t a double  specification  limit. 

B13.1  Ahno^maJ_  R<^8U£t_a.  The  results  of 
insoection  of  jroduct  manufactured  under 
conditions  not  typical  of  usual  production 
shaF  >e  exc.lu  ’ed  from  the  estimated  pro- 
cess average. 


and  the  corresponding  estimated  lot  percent 
defective  py  or  pj^,  respectively,  is  read 
from  the  table.  The  estimated  process  av- 
erage py  is  the  arithmetic  mean  of  the  indi- 
vidual estimated  lot  percent  defect' ve s py' s , 
Similarly,  the  estimated  procesc  average 
PL  is  the  arithmetic  mean  of  the  individual 
estimated  lot  percent  defectives  p-  's. 

B13.4.Z  Double  Specification  Limit.  The 
estimated  lot  percent  defective  shall  be  de- 
termined from  Table  B-5  for  the  plans  based 
on  the  standard  deviation  method.  The  qual- 
ity indices  Qy  and  shall  be  computed. 
Table  B-5  is  entered  separately  with  Qy  and 
Q|_^and  the  sample  size , and  the  correspond- 
PU  read  from  the  t?  >le.  The 

estimated  lot  percent  defective  is  p = py  + 
PL,.  The  estimated  process  average  p is  the 
arithmetic  mean  of  the  individual  e itimated 
lot  percent  defectives  p*s. 

D13.Z.3  Special  Case.  If  the  quaJ'ty  index 
Qy  or  Ql  is  a negative  number,  th-n  Tabic 
B-5  is  entered  by  disregarding  the  negative 
sign.  However,  in  this  case  the  estimated 
lot  percent  defective  above  the  upper  limit 
or  below  the  lower  limit  is  obtained  by  sub- 
tracting the  p€;rcentage  found  in  the  tab’e 
from  1 C0%.^ 


B!3.Z  Cor  pu  ation  of  the  Estimated  Pro- 
ces8  Avcr.\c*»  The  e s t i mat ^ pr oc c s s "a vc r - 
Age  isTFc  ...  itvmctic  meanof  the  estimated 
lo*  percent  de  Vetives  computed  from  the 
ftamplir.i;  ir.sppction  results  of  the  preceding 
*er.  ^’0)  lot**,  c***  as  maybe  otherwise  desig- 
nated. Tn  orde  * to  estimate  the  lot  percent 
de'cctiv-r,  the  uaJity  indices  Qy  and/or  Ql 
shall  be  comm  ed  for  '*ach  lot^.  These  are. 
Qtj  :=  r.'-XVa  .PC'  O,  ={y.-L)/n.  (S-e  para- 
3'.  1 o. ' 

E ; ! . 2 . 1 Sing L » Sp<;cific:ation  Limit. ^ The 
e^V.irv?»»r  ’oJ  f "cent  di^ctive-ehall  be  de- 
terrr.ined  fror"  Table  B-S  for  the  plane  ba.ed 
on  *he  standard  deviation  method.  The  oual- 
► y ind.vQ^,  ah  J'  be  nged  for  the  ca.e  of  an 
Uf  t-  r .or-  ■ fic; ‘-on  limit  orQLfor  ‘he  ca.e 
of  a lower  Bpe.  (ica'.ion  limit.  Table  B-5  i. 
entered  wit''  Oi  or  Qj^  and  the  .ample  .iKe, 


B14.  NORMAL,  TIGHTENED,  AND  RE- 
DUCED  INSPECTION 

This  Standard  established  eantpUng 
plana  for  normal,  tightened,  and  reduced 
inspection. 

B14.1  At  Start  of  Inspection.  Norn".al  in- 
spection ehalFBe  u®e?at  tKe  start  of  ..nspec- 
tion  unless  otherwise  designated. 

B14.2  During IrtSpcction.  Duringthr  course 
of  irspe^Ton,  normal  inspection  s'lall  be 
used  when  inspection  conditions  are  f uchthat 
tightened  or  reduced  inspection  is  not  re- 
quired in  accordance  with  paragraphs  B 14.3 
and  B14.4. 

^14,3  Tightened  Insjpectlon,  Tightened  In- 
• pectlon  shall  be  In tfftutoJ  when  the  esti- 
mated process  svsrage  computed  from  the 


■■•'h-n  '•orm  1 Specification  Linrilt  i.  u.»d  for  the  accept.billty  criterion,  the  e.tl- 

••  of  lo*  pe  < -nt  defective  py  or  pj_,  i.  not  obtained;  in  order  to  e .timate  the  proce.i  aver- 
^a  ? . ••  >-ecr».arv*0  complete  p.ira^r»ph»  3ft. 2 and  Pft.t  o'  Form  2. 

- ex^.-rpl.-- , On  = -.^0  and  Q*  = 1 .53,  u.inu  .ample  else  “iO.pt'  - lO*^  - 30.93%  a h9.0t% 

- T. ' ‘7.  m p ^ >9.27%  '■>.3?%  = 74.40*);. 
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preceding  ten  (iO)  lots  (or  such  other  num- 
ber of  lots  desigiiated)  in  accordance  with 
paragraph  B13.Z  is  greater  than  the  AQ1_,, 
and  when  more  than  a ceriain  number  T of 
these  lots  have  estimates  of  the  percent  de- 
fective exceeding  the  AQL.  The  T values 
are  given  in  Table  B-6  for  the  process  av- 
erage computed  from  6,  10,  or  15  lots.^ 
Normal  inspection  shall  be  reinstated  if  the 
estimated  process  average  of  lots  under 
tightened  inspection  is  equal  to  or  less  than 
the  AQL. 


the  estimated  lot  percent  defective  is  equal 
to  zero  for  a specified  number  of  consecu- 
tive lots  (see  Table  B-7), 

Condition  C.  Prodiiction  is  at  a 
steady  rate. 

Normal  inspection  shall  be  reinstated  if  any 
one  of  the  following  conditions  occurs  under 
reduced  inspection. 

Condition  D,  A lot  is  rejected. 


B14.4  Reduced  in- 

spection may  be  instituted  provided  that  all 
of  the  following  conditions  are  satisfied: 

Condition  A.  The  preceding  ten  (10) 
lot  8 (or  such  other  nuiTiber  of  lots  de  signaled) 
have  been  under  normal  inspection  and  none 
has  been  rejected. 


Condition  L,  The  estim^ited  process 
average  is  greater  than  the  AQi^. 

Condition  F,  Production  becomes 
irregular  or  delayed. 

Condition  G.  Other  conditions  as 
may  warrant  that  normal  inspection  should 
be  reinstated. 


Condition  B.  The  estimated  percent 
defective  for  each  of  these  preceding  lots  is 
less  than  the  applicable  lower  limit  shown 
in  Table  B-7,  or  for  certain  sampling  plans, 


B14.5  Sampling  Plans  for  ’^ghtened  orRc- 
duced  Inspection.  Sampling  planVTor” tight- 
ened and^reduced  Inspection  are  provided  in 
Section  B,  Parts  I and  II. 


I 

I 


•1 


g 

If  the  sample  size  code  letter  is  not  the  same  for  all  samples  used,  the  entry  in  Table  B-6 
is  determined  bythe  sample  size  code  letter  corresponding  to  the  smallest  sample  size  used 
in  any  of  the  lots  included  in  the  estimation  of  the  process  average. 
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TABLE  B-6  Standard  Deviation  Method 


Valuefl  of  T for  Tightened  Inspection 


Sanr\p-le  size 

r 

Acceptable  Quality  Levels  I 

in  percent  defective) 

Number 

co<?.e  letter 

.04^ 

r.065l 

.10 

.15 

.40 

.b5 

1.0 

1.5l 

4.0 

6.5 

10.0 

1 5.0 

of  Lots 

2 

3 

4 

4 

4 

5 

B 

♦ 

♦ 

• 

* 

♦ 

♦ 

* 

4 

5 

6 

7 

8 

10 

. .. 

J 

5 

8 

9 

11 

15 

r ^ 

2 

2 

3 

3 

4 

4 

4 

5 

Q 

* 

* 

* 

* 

♦ 

3 

4 

5 

b 

7 

7 

8 

10 

L_ 

5 

6 

7 

8 

9 

10 

15 

• 

-- 

■' 

2 

3 

3 

3 

4 

4 

4 

4 

5 

D 

* 

* 

* 

* 

♦ 

4 

4 

5 

6 

6 

7 

7 

8 

10 

, - 

5 

6 

7 

» 

9 

10 

10 

1 

15 

2 

3 

3 

3 

4 

4 

4 

4 

4 

4 

5 
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* 

* 

♦ 

4 

4 

5 

5 

6 

b 

7 

7 

8 

8 

10 

5 

6 

6 

7 

8 

9 

9 

^ J 

10 

1 1 

1 1 

15 

■3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

5 

F 

*: 

M 

* 

4 

.5 

5 

5 

6 

6 

7 

7 

8 

8 

8 

10 

b 

6 

7 

8 

d 

j 

9 

9 

10 

1 1 

1 1 

1 1 

15 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 1 
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4 

5 

5 

b 
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7 

7 

7 

8 

8 

8 
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6 

7 
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9 
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1 5 
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3 

3 
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5. 
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5 

t> 
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8 
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6 
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7 
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1 1 
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15 
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4 

4 

4 

4 

4 

4 

4 

1 

4 

4 

4 

4 

4 

5 

1 

5 

6 

6 

6 

6 

7 

7 

7 

7 

7 

8 

8 
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8 
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7 

7 

L - J 

8 
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9 
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10 

10 
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1 ! 

1 1 

n 

! \ 

1 5 

3 

4 

4 

4 

4 
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4 

4 

4 

4 

4 

4 

4 

4 

4 

5 

T 

6 

6 

6 

6 
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7 
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7 
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1_J 
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10 

10 

10 
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11 

"J 

11 

1 1 

15 

4 

4 

4 

4 

4 

4 

4 

4 
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4 
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fl 
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1 1 

11 
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4 

4 
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4 

4 

4 

4 

4 
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4 
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5 

O 

7 
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H 
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8 

8 

8 

8 

10 

10 

10 

10 

10 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

L— . 

11 

1 1 

15 

•lh*re  are  no  •nmp'.ing  plans  provided  in  this  Stand? rd  for  thes e code  ; ettert  sndAQLvalues 
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TABLE  B-0— Continued  Standard  Deviation  Method 

Values  of  T for  Tishtened  Inapectlon 


Acceptable  Quality  Levels  (in  percent  defective) 


II 


4 

si  8 I 8 { si  8 

11  11  11  II  11 


8 

11  I 12 


The  top  figure  in  each  block  refers  to  the  preceding  5 lots,  the  middle  figure  to  the 
preceding  10  lots  and  the  bottom  figure  to  the  preceding  15  lots. 

Tightened  inspection  is  required  when  the  number  of  lots  with  estimates  of  percent 
defective  above  the  AQL  from  the  preceding  5,  10,  or  15  lots  is  greater  than  the  given  value 
of  T in  the  table,  and  the  process  average  from  these  lots  exceeds  the  AQL. 

All  estimates  of  the  lot  percent  defective  are  obtained  from  Table  B-5. 


Standard  Deviation  Method 
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•o 

0 

JS 

a 

Number 
of  Lots 

*n 

o 



5 

10 

15 

5 

10 

15 

5 

10 

15 

SI 

01 

s 

- ! 
o j 

in 

o 

in 

kets.  are  in  percent  defective. 

corresponding  number  of  lots.  In  each  block  the  top  figure  refers  to  the 
lots,  and  the  bottom  figure  to  the  preceding  15  lots. 

y estimated  lot  percent  defective  from  the  preceding  5,  10,  or  15  lots  is 
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APPENDIX  B 

Definitions 


Symbol 

Read 

Definition 

n 

Sample  size  for  a single  lot. 

X 

X bar 

Sample  mean.  Arithmetic  mean  of  sample  measurements  from 
a single  lot. 

« 

Estimate  of  lot  standard  deviation.  Standard  deviation  of  sam- 
ple measurements  from  a single  lot.  (See  Examples  in  Section 
B.) 

U 

Upper  specification  limit. 

L 

Lower  specification  limit. 

k 

The  acceptability  constant  given  in  Tables  B- 1 and  B-2. 

D 

a 

Q sub  U 

Quality  index  for  use  with  Table  B-5. 

Ql 

Q sub  L 

Quality  index  for  use  with  Table  B-5. 

Pu 

p sub  U 

Sample  estimate  of  the  lot  percent  defecti  ■ , above  U from 
Table  B-5. 

Pl 

p sub  L 

Sample  estimate  of  the  lot  percent  defective  below  L from 
Table  B-5. 

p 

Total  sample  estimate  of  the  lot  percent  defective  p = py  + p^. 

M 

Maximum  allowable  percent  defective  for  sample  estimates 
given  in  Tables  B-3  and  B-4. 

Mu 

M sub  U 

Maximum  allowable  pe rcent  defective  above  U given  in  Tables 
B-3  and  B-4.  (For  use  when  different  AQL  values  for  U and 
L are  specified.) 

Ml 

M sub  L 

Maximum  allowable  percent  defective  below  L given  in  Tables 
B-3  and  B-4.  (For  use  when  different  AQL  values  for  U and 
L are  specified.) 

f 

p bar 

Sample  estimate  of  the  process  percent  defective,  i.e.,  the 
estimated  process  average. 

Pu 

p bar  sub  U 

The  estimated  process  average  for  an  upper  specification  linnit. 

Pl 

p bar  sub  L 

The  estimated  process  average  for  a lower  specification  limit. 

T 

The  maximum  number  of  estimated  process  averages  which 
may  exceed  the  AQL  given  in  Table  B-6.  (For  use  in  deter- 
mining application  of  tightened  inspection.) 

F 

A factor  used  in  determining  the  Maximum  Standard  Deviation 
(MSD).  The  F values  are  given  in  Table  B-6. 

> 

Greater  than 

Greater  than 

< 

Less  than 

Less  than 

£ 

Sum  of 

Sum  of 
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SKCTION  C 

VARIABIUTY  UNKNOWN- RANGE  METHOD 


SINGLE  SPECIFICATION  LIMIT 


Cl.  SAMPLING  PLAN  FOR  SINGLE 
SPECIFICATION  LailT 

This  part  of  the  Standard  describes  the 
procedures  for  use  with  plans  for  a single 
specification  limit  when  variability  of  the 
lot  with  respect  to  the  quality  characteris- 
tic/is  unknown  and  the  range  method  is  used. 

acceptability  criterion  is  given  in  two 
equivalent  forms.  These  are  identified  as 
Form  1 and  Form  2. 

Cl.  I Use  of  Sampling  Plans.  To  deter- 
mine whether  the  lot  meets  the  accept- 
ability criterion  with  respect  to  a particu- 
lar quality  characteristic  and  AQL  value, 
the  applicable  sampling  plan  shall  be  used 
in  accordance  with  the  provisions  of  Sec- 
tion A.  General  Description  of  Sampling 
Plans,  and  those  in  this  part  of  the  Standard. 

Cl. 2 Drawing  of  Samples.  Ail  samples  shall 
be  drawn  in  accordance  with  paragraph  A7.2. 

Cl.  3 Determination  of  Sample  Size  Code 
Letter^  The  sample  size  code  letter  shall 
be  selected  from  Table  A-2  in  accordance 
with  paragraph  A7.1. 

C2.  SELECTING  THE  SAMPLING  PLAN 
WHEN  FORM  1 IS  USED 

C2.1  Master  Sampling  Tables.  The  master 
sampling  tables  for  plans  based  on  varia- 
bility unknown  for  a single  specification 
limit  when  using  the  range  method  are  Tables 
C-1  and  C-2.  Table  C-1  is  used  for  nor- 
mal and  tightened  inspection  and  Table  C-2 
for  reduced  inspection. 

C2.2  Obtaining  the  Sampling  Plan.  The 
sampling  plan  consists  of  a sample  size  and 
an  associated  acceptability  constant.^  The 
sampling  plan  is  obtained  from  Master 
Table  C-1  or  C-2. 

C2.2.1  Sample  Siae.  The  sample  size  n is 
shown  in  tTie  master  table  corresponding  to 
each  sample  size  code  letter. 


C2.2.2  Acceptability  Constant.  The  accept- 
ability constant  k,  corresponding  to  the  sam- 
ple size  mentioned  in  paragraph  C2.2.1,  is 
indicated  in  the  column  of  the  master  table 
corresponding  to  the  applicable  AQL  value. 
Table  C-1  is  entered  from  the  top  for  nor- 
mal inspection  and  from  the  bottom  for 
tightened  inspection.  Sampling  plans  fur  re- 
duced inspection  are  provided  inTableC-2. 

C3.  LOT-BY-LOT  ACCEPTABILITY  PROy 
CEDURES  WHEN  FORM  1 IS  USED*^ 

C3.1  Acceptability  Criterion.  The  degree 
of  conformance  of  a quality  characteristic 
with  respect  to  a single  specification  limit 
sjiall  be  judged  by  the  quantity  (U-X)/R  or 
(X-L)/R. 

C3.2  Computation.  The  following  quantity 
shall  be  computed:  (U-X)/R  or  (X-L)/R, 

depending  on  whether  the  specification  limit 
is  an  upper  or  a lower  limit,  where 

U 18  the  upper  specification  limit, 

L IS  the  lower  specification  limit, 

X is  the  sample  mean,  and 
R IS  the  average  range  of  the  sample. 

In  this  Standard,  R is  the  average  range  of 
subgroup  ranges.  Each  of  the  subgroups 
consists  of  5 measurements,  except  for  those 
plans  with  sample  size  3,  4,  or  7 m which 
case  the  subgroup  size  >s  the  same  as  the 
sample  size.  In  computing  R,  the  order  of 
the  sample  measurements  as  made  must  be 
retained.  Subgroups  of  consecutive  meas- 
urements must  be  formed  and  the  range  of 
each  subgroup  obtained.  R is  the  average  of 
the  individual  subgroup  ranges. 

C3.3  Acceptability  Criterion.  Compare  the 
quantity  (U-5f)/R  or  (X-  L)/R  with  the  accept- 
ability constant  k.  If  (U-X)/R  or(X-L)/R  is 
equal  to  or  greater  than  k,  the  lot  meets  the 
acceptability  criterion,  if  (U-7I)/R  or 
(3T-  L)/R  IS  less  than  k or  negative,  then  the 
lot  does  not  meet  the  acceptability  criterion. 


^See  Appendix  C for  definitions  of  all  symbols  used  in  the  sampling  plans  based  on  variability 
unknown- range  method. 

^See  Example  C-1  for  a complete  example  of  this  procedure. 
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C4.  SUMMARY  FOR  OPERATION  OF 
S/'JAPUNG  PLAN  WHEN  FORM  1 IS 
USED 

The  following  steps  summarize  the  pro- 
cedures to  be  fo’-lowed: 

(1)  Determine  the  sample  size  code  let- 
ter from  Table  A-Z  by  using  the  lot  size  and 
the  inspection  level. 

(21  Obtain  plan  from  Master  Table  C-1 
or  C-Z  by  selecting  the  sample  size  n and 
the  acceptability  constant  k. 

(3)  Select  at  random  the  sample  of  n 
units  from  the  lot;  inspect  and  record  the 
measurement  of  the  quality  characteristic 
for  each  unit  of  the  sample. 

(4)  Compute  the  sample  mean  X and  the 
average  range  of  the  sample  R,  and  also 
compute  the  quantity  {U-X)/R  for  an  upper 
specification  limit  U or  the  quantity  (X- L)/R 
for  a lower  soecification  limit  L. 

(5)  If  the  quantity  (U-X)/R  or  (X-L)/R 
is  equal  to  or  greater  than  k,  the  lot  meets 
the  acceptability  criterion;  if  (U-X)/R  or 
(X-  L)/R  is  less  than  k or  negative,  then  the 
lot  does  not  meet  the  acceptability  criterion. 

C5.  SELECTING  THE  SAMPLING  PLAN 
WHEN  t^ORM  2 IS  USED 

C5.1  Master  Sampling  Tables.  The  master 
sampling  iabJ’  B for  plans  based  on  variabil- 
ity unknown  f.  r a single  specification  limit 
when  using  the  range  method  are  Tables  C-  3 
and  C-4  of  ? irt  II.  Table  C-3  is  used  for 
norm.al  and  tightened  inspection  and  Table 
C-4  for  reduced  inspection. 

CS.Z  Obtaining  the  Sampling  Plan.  The 
sampling  plan  consists  of  a saimple  size  and 
an  assofi.a'ed  maximum  allowable  percent 
defective  The  sampling  plan  is  obtained 
from  Master  Table  C-3  or  C-4. 

C5  Z.l  Sample  Size.  The  sample  size  n is 
shown  in  the  master  table  corresponding  to 
each  sample  size  code  letter. 

C5.2.2  Maximum  Allowable  Percent  Defec- 
tive. The  m.ivimum  allowable  percent  de- 
fective .M  for  B .mple  estimates  correspond- 
ing to  the  sample  size  mentioned  in 
paragraph  CS...1  is  indicated  in  the  column 
of  the  master  table  corresponding  to  the 
*apnlu  able  AQ I,  value.  Table  C-3  is  entered 
fr  m the  top  for  normal  inspection  and  from 
•hi  bottom  for  tightened  inspection.  Sam- 
s'.ng  plans  for  reduced  inspection  are  pro- 
■ "d  in  T able  C-4. 


C0.  LOT-BY- LOT  ACCEPTABILITY  PROv 
CEDURES  WHEN  FORM  2 IS  USED^ 

C6.1  Acceptability  Criterion.  The  degree 
of  conformance  of  a quality  characteristic 
with  respect  to  a single  specification  limit 
shall  be  judged  by  the  percent  of  noncon- 
forming product  outside  the  upper  or  lower 
specification  limit.  The  percentage  of  non- 
conforming  product  IS  estimated  by  entering 
Table  C-5  with  the  quality  index  and  fhe 
sample  size. 

C6.2  Computation  of  Quality  Index.  The 
quality  index  Qy  (U-Xlc/R  shall  be  com- 
puted if  the  specification  limit  is  an  upper 
limit  U,  or  Ql  = (X-L)c/R  if  it  is  a lower 
limit  L.  The  quantities,  X and  R,  are  the 
sample  mean  and  average  range  of  the  sam- 
ple, respectively.  The  computation  of  R is 
explained  in  paragraph  Ci.Z.  The  factor  c 
is  provided  in  Master  Tables  C- ' and  C-4 
corresponding  to  the  s ample  size  code  lette r. 

C6.3  Estimate  of  Percent  Defective  in  Lot. 
The  quality  of  a lot  shall  be  expressed  by 
pjj,  the  estimated  percent  defective  in  the 
lot  above  the  upper  specification  limit,  or 
by  PL.  the  estimated  percent  defective  below 
the  lower  specification  limit.  The  estimated 
percent  defective  pjj  or  Pl  is  obtained  by 
entering  Table  C-5  with  Qjj  or  Ql  and  the 
appropriate  sample  size. 

C6.4  Acceptability  Criterion.  Compare  the 
estimated  lot  percent  defective  py  or  p l w ith 
the  maximum  allowable  percent  defective 
M.  If  pu  or  PL  IS  equal  to  or  less  than  M, 
the  lot  meets  the  acceptability  criterion;  if 
Pu  Pl  greater  than  M or  if  Oy  or  Ql 
is  negative,  then  the  lot  does  not  meet  the 
acceptability  criterion. 

C7.  SUMMARY  OF  OPERATION  OF  SAM- 
PLING PLAN  WHEN  FORM  2 IS  USED 

The  following  steps  summarize  the 
pror-edures  to  be  followed: 

(1)  Deterzrine  the  sample  size  code  let- 
ter from  Table  A i by  using  the  lot  size  and 
the  inspection  level. 

(2)  Obtain  plan  from  Master  Table  C-3 
or  C-4  by  selecting  the  sample  siz«  n.  the 
factor  c,  and  the  maximum  allowable  pM 
cent  defective  M. 

(3)  Select  at  random  the  sample  of  n 
units  from  the  lot;  inspect  and  record  the 
measurement  of  the  quality  characteristic 
on  each  unit  of  the  sample. 


^See  Example  C-2  for  a complete  example  of  this  procedure. 
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(4)  Compute  the  sample  mean  and  the 
average  range  of  the  sample  R. 

(5)  Compute  the  quality  index  Qy  = 
(U-X)c/R  if  the  upper  specification  limit  U 
is  specified,  or  Qj_^  - (X-C)c/R  if  the  lower 
specification  limit  L,  is  specified. 

(6)  Determine  the  estimated  lot  percen. 
defective  pu  or  pL,  from  Table  C-5. 


(7)  If  the  estimated  lot  percent  defective 
PU  or  PL  18  equal  to  or  less  than  the  maxi- 
mum ^lowable  percent  defective  M,  the  lot 
.-neets  the  acceptability  criterion;  if  pu  or 
P£,  is  greaterthan  M or  if  Qjj  or  Ql^®  neg- 
ative, then  the  lot  does  not  meet  the  accept- 
ability criterion. 


EXAMPLE  C-1 

Example  of  Calculations 
Single  Specification  Limit— Form  1 
Variability  Unknown  - Range  Method 


Example  The  lower  specification  limit  for  electrical  resistance  of  a certain  electrical  com- 
ponent  is  620  ohms.  A lot  of  100  items  is  submitted  for  inspection.  Inspection 
Level  IV,  normal  inspection,  with  AQL  = .4%  is  to  be  used.  From  Tables  A-2  and 
C-1  it  is  seen  that  a sample  of  size  10  is  required.  Suppose  that  values  of  the 
sample  resistances  in  the  order  reading  from  left  to  right  are  as  follows: 

643,  661,  619,  627,  658,  (Ri  = 658  - 619  = 39) 

670,  673,  641,  638,  650,  (R^  = 673  - 638  = 35) 

and  compliance  with  the  acceptability  criterion  is  to  be  determined. 


Line 

Information  Needed 

Value  Obtained 

Explanation 

1 

Sample  Size:  n 

10 

2 

Sum  of  Measurements:  IX 

6470 

3 

Sample  Mean  X:  XX/ a 

647 

6470/10 

4 

Average  Range  R:  £R/no.  of  subgroups 

37 

(39  + 35)/2 

5 

Specification  Limit  (Lower):  L 

620 

6 

The  quantity:  (X-L)/K 

.730 

(647-620)/37 

7 

Acceptability  Constant:  k 

.811 

See  Table  C-1 

8 

Acceptability  Criterion:  Compare  (X-L)/R 
with  k 

.730<  .811 

See  Para.  C3.3 

The  lot  does  not  meet  the  acceptability  criterion, 

since  (X-  L)/R  is 

less  than  k. 

NOTE:  If  a single  upper  specification  limit  U is  given,  then  compute  the  quantity  (U-X)/R  in 
line  6 and  compare  it  with  k;  the  lot  meets  the  acceptability  criterion,  if  (U-X)/R  is 
equal  to  or  greater  than  k. 
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EXAMPLE  C-2 
Example  of  Calculations 
Single  Specification  Limit— Form  Z 
Variability  Unknown  - Range  Method 

Example  A lower  specification  limit  for  electrical  resistance  of  a certain  electrical  com- 
ponent IS  620  ohms.  A lot  of  100  items  is  submitted  for  inspection.  Inspection 
Level  IV,  normal  inspection,  with  AQL  - .4%  is  to  be  used.  From  Tables  A-2  and 
C-1  it  is  seen  that  a sample  of  size  10  is  required.  Suppose  the  values  of  the 
sample  resistances  in  the  order  reading  from  leh  to  right  are  as  follows: 

643,  651,  619,  627,  658,  (Ri  = 658  - 619  = 39) 

670,  673,  641,  638,  650,  (Rj  = 673  - 638  = 35) 

and  compliance  with  the  acceptability  criterion  is  to  be  determined. 


Line 

Information  Needed 

Value  Obtained 

Explanation 

1 

Sample  Size:  n 

10 

2 

Sum  of  Measurements:  JX 

6470 

3 

Sample  Mean  X;  £X/n 

647 

6470/10 

4 

Average  Range  R:  XR/no.  of  subgroups 

37 

(39  + 35)/2 

5 

Factor  c 

2.405 

See  Table  C-3 

6 

Specification  Limit  (Lower):  L 

620 

7 

Duality  Index:  = (X-L)c/R 

1.76 

(647-620)2.405/37 

8 

Est.  of  Lot  Percent  Def.:  p^ 

2.54% 

See  Table  C-5 

9 

Max.  Allowable  Percent  Def.:  M 

1.14% 

See  Table  C-3 

10 

Accept.ability  Criterion:  Compare  p^^  with  M 

2.54%  >1.14% 

See  Para.  C6.4 

The  lot  do“8  not  meet  the  acceptability  criterion,  since  Pj^  is  greater  than  M. 

NOTE:  If  a single  upper  specification  linrut  U is  given,  then  compute  the  quality  index  = 
(U-X)c,  R in  line  7 and  obtain  the  estimate  of  lot  percent  defective  py.  Compare  py 
with  M;  the  lot  meets  the  acceptability  criterion,  if  p^  is  equal  to  or  less  than  M. 


TABLE  C-1  Range  Method 
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Part  II 

DOUBLE  bPEClFlCATlON  LIMIT 


C8.  SAMPLING  PLAN  FOR  DOUBLE 
SPECIFICATION  LIMIT 

This  part  of  the  Standard  describeb  the 
procedures  for  use  with  plans  for  a double 
specification  limit  when  variability  of  the 
lot  with  respect  to  thequaiity  characteristic 
IS  unknown  and  the  range  method  is  used. 

C8.1  Use  of  Sampling  Plans.  To  determine 
whether  the  lot  meets  the  ac ceptability  c ri- 
terion  with  respect  to  a particular  quality 
characteristic  and  AQL  value(s),  the  appli- 
cable s ampling  plan&hali  be  used  in  accord- 
ance with  the  provisions  of  Section  A,  Gen- 
eral Description  of  Sampling  Plans,  and 
those  in  this  part  of  the  Standard. 

C9.  SELECTING  THE  SAMPLING  PLAN 

A sampling  plan  for  each  AQL  value 
shall  be  selected  from  Table  C-3  or  C-4  as 
follows : 

C9.1  Dete rrmnation  of  Sample  Size  Code 
Letter.  The  sample  size  code  letter  shall 
be  selected  from  Table  A-2  in  accordance 
with  paragraph  A7.1. 

C9.3  Master  Sampling  Tables.  The  master 
sampling  tables  for  plans  based  on  variabil- 
ity unknown  for  a double  specification  limit 
when  using  the  range  method  are  Tables  C-3 
and  C-4.  Table  C-3  is  used  for  normal  and 
tightened  inspection  and  Table  C-4  for  re- 
duced inspection. 

C9.3  Obtaining  Sampling  Pl*n.  A sampling 
plan  consists  of  a sample  size  and  the  as - 
sociated  maximum  allowable  percent  defec- 
tivc(s).  The  sampling  plan  to  be  applied  in 
inspection  shall  be  obtained  from  Master 
Table  C-3  or  C-4. 

C9.3.1  Samp] e Size.  The  sample  size  n is 
shown  in  the  mas te  r tables  corresponding  to 
each  santple  size  code  letter. 

C9.3.Z  Maximum  Allow  able  Percent  Defec- 
tive.  The  maximum  allowable  percent  de- 
fective for  sample  estimates  of  percent 
defective  for  the  lower,  upper,  or  both  spec- 
ification limits  combined,  corresponding  to 
the  sample  size  mentioned  in  paragraph 
C9.  3. 1 , IS  shown  in  the  column  of  the  master 
table  corresponding  to  the  applicable  AQL 
vaiue(s).  If  different  AQL's  are  assigned 
to  each  specification  limit,  designate  the 


maximum  allowable  percent  defective  by 
for  the  lower  limit,  and  by  My  for  the  upper 
limit.  If  one  AQL  is  assigned  to  both  limits 
combined,  designate  the  maximum  allowable 
percent  defective  by  M.  Table  C-3  is  entered 
from  the  top  for  normal  inspection  and  from 
the  bottom  for  tightened  inspection.  Sam- 
pling plans  for  reduced  inspection  are  pro- 
vided in  Table  C-4. 

CIO.  DRAWING  OF  SAMPLES 

Samples  shall  be  selected  in  accord- 
ance with  paragraph  A7.Z. 

Cll.  LOT-BY-LOT  ACCEPTABILITY 
PROCEDURES 

Cll.  I Acceptability  Criterion.  The  degree 
of  conformance  of  a quality  characteristic 
with  respect  to  a double  specification  limit 
shall  be  juaged  by  the  percent  of  noncon- 
forming product.  The  percentage  of  non- 
conforming  product  IB  estimated  by  entering 
Table  C-5  with  the  quality  index  and  the 
sample  size. 

Cl  1.2  Computation  of  Quality  Indices.  The 
quality  indices  Qy  = (U-X)^l^  and  Qj^ 
(X-L)c/R  shall  be  computed,  where 

U IS  the  upper  specification  limit, 

L IS  the  lower  specification  limit, 
c 18  a factor  provided  in  Tables  C-3  and 
C-4, 

X IS  the  sample  mean,  and 
R IS  the  average  range  of  the  sample. 

In  this  Standard,  R is  the  ^average  range  of 
the  subgroup  ranges . Each  of  the  subgroups 
consists  of  5 measurements,  exc ept  for  those 
plans  with  sample  size  3,  4,  or  7 in  which 
case  the  subgroup  size  is  the  same  as  the 
sample  size.  In  computing  R,  the  order  of 
the  sample  measurements  as  made  must  be 
retained.  Subgroups  of  consecutive  meas- 
urements must  be  formed  and  the  range  of 
each  subgroup  obtained.  R is  the  average 
of  the  individual  subgroup  ranges. 

C 1 1 . 3 Pe rcent  Defective  in  the  Lot.  The 
quality  of  a lot  shall  be  expressed  in  terms 
of  the  lot  percent  defective.  Its  estimate  will 
be  designated  by  p^,  py,  or  p.  The  estimate 
PU  indicates  conformance  with  respect  to  the 
upper  specification  limit,  p^with  respect  to 
the  lower  specification  limit,  and  p for 
both  specification  limits  combined.  The 
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estimates  pt^and  py  shall  be  determined  by 
entering  Table  C-5,  respectively  with  Qj^ 
and  Qy  and  the  sample  size.  The  estimate 
p shall  bedetermined  by  adding  the  corres- 
ponding estiniated  percent  defectives  PL 
and  py  found  in  the  table. 

C12.  ACCEPTABILITY  CRITERION  AND 
SUMMARY  FOR  OPERATION  OF 
SAMPLING  PLANS 


C12.1  One  AQL  value  for  both  Upper  and 
Lower  Specification  Limit  Combined. 

C12.1.1  Acceptability  Criterion.^  Compare 
the  estimated  iot  percent  defective  p - py  4 
pj^  with  the  maximum  allowable  percent 
defective  M.  F p is  equal  to  or  less  than  M, 
the  lot  .meets  the  acceptability  criterion;  if 
p IS  greate  r tr  an  M or  if  eithe  r Qy  or  Q j^or 
both  are  negative,  then  the  lot  does  not  meet 
the  acceptabiLty  criterion. 

Cl  2. 1 .2  Summary  for  Operation  of  Samp}iQ^ 

P^n.  In  cases  where  a single  AQL  value  Is 
established  fcrthe  upper  and  lower  specifi- 
cation limit  combined  for  a single  quality 
ch.iracteristir,  the  fell  owing  steps  summa- 
rize the  proc«-dures  to  be  used; 

( 1 )’Determine  the  sample  size  code 
letter  from  Table  A-2  by  using  the  lot  size 
and  the  insoe*  tion  level. 

(2)  S'Tect  plan  from  Master  Table 
C-3  or  C-4.  Obtain  the  sample  size  n,  the 
factor  c,  and  the  maximum  allowable  per- 
cent defective  M. 

(3)  Select  at  random  the  sample  of 
n units  from  tie  lot;  inspect  and  record  the 
measurement  of  the  quality  characteristic 
on  each  unit  the  sample. 

(4)  Compute  the  sample  mean  X and 
average  range  of  the  sample  R. 

(5)  Compute  the  quality  indices  Qy 
= (U-X)c/R  ard  Ql  --  (X-  I,)c/n. 

(b)  Determine  the  estimated  lot 
oercent  defec  ive  p = o?j  ^ pt  from  Table 
C--S. 

(7)  If  the  estimated  lot  percent  de- 
fective p ia  eqe  al  to  or  less  than  the  maximum 
allowable  per(  ent  defective  M,  the  lot  meets 
the  acceptabi  ity  criterion;  if  p is  greater 
than  1/  or  if  either  Qy  or  Qj^or  both  arc 
negative,  then  the  lot  does  not  meet  the  ac- 
ceptability erterion. 

< AZ.l  Differ  nt  AQL  values  for  Upper  and 
* v#r  SpeciTj  atlnn  LimTtl 

>»*  K;xampl^  C- * for  a complete  example  of  this  procedure. 

Example  C-4  for  a complete  example  of  this  procedure. 
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Cl 2.2. 1 Acceptability  Criteria.  Compare 
the  estimated  lot  percent  defectives  pt  and 
Pjj  with  the  corresponding  maximum  allow- 
able percent  defectives  Mt  and  also 

compare  p = + py  with  the  larger  of  M 

and  Mu-  If  Pl,  is  equal  to  or  less  than  M 
PU  is  equal  to  or  less  than  Mui  and  p is 
equal  to  or  less  than  the  larger  of  and 
My,  the  lot  meets  the  acceptability  c riteria; 
otherwise,  the  lot  does  not  meet  the  accept- 
ability criteria.  If  either  Qj^  or  Qu  both 
are  negative,  then  the  lot  does  not  meet  the 
acceptability  criteria. 

Cl  2. 2.2  Summary  for  Operation  of  Sampling 
Plan.  In  cases  where  a different  AQL  value 
is  established  for  the  upper  and  lower  spec- 
ification limit  for  a single  quality  ch.4ract**r- 
istic,  the  following  steps  summarize  the 
procedures  to  be  used: 

(1)  Determine  the  sample  size  code 
letter  from  Table  A-2  by  using  the  lot  size 
and  inspection  level. 

(2)  Select  the  sampling  plan  from 
Master  Table  C-3  or  C-4.  Obtain  the  sam- 
ple size  n,  the  factor  c,  and  the  maximum 
allowable  percent  defectives  Mq  ^nd  M^, 
corresponding  to  AQL  values  for  the  upper 
and  lower  specification  limits,  respectively. 

(3)  Select  at  random  the  sample  of 
n units  from  the  lot;  inspect  and  record  the 
measurement  of  the  quality  charo  'teristic 
on  each  unit  in  the  sample. 

(4)  Compute  the  sample  mean  X and 
average  range  of  the  sample  P. 

(5)  Compute  the  quality  indices  Qy 
= (U-X)c/R  and  Qjl  = (X-L)c/R. 

(6)  Determine  the  estimated  lot 
percent  defectives  py  and  pj^,  corresponding 
to  the  percent  defectives  above  the  upper 
and  below  the  lower  specification  limits. 
Also  determine  the  combined  percent  defec- 
tive p = PU  + PL- 

(7)  If  all  three  of  the  following  con- 
ditions ; 

<a)  py  IS  equal  to  or  less  than 


(b)  IS  equal  to  or  less  than 


My, 

Ml- 

(c)  p IS  equal  toor  less  than  the 
larger  of  M^,  and  My, 

are  satisfied, the  lot  meets  the  acceptability 
c riteria;  otherwise  , the  lot  does  not  meet  the 
acceptability  criteria.  IfeitherQLorQyor 
both  are  negative, then  the  lot  does  not  me**t 
the  acceptability  criteria. 
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EXAMPLE  C-3 


Example  of  Calculations 
Double  Specification  Limit 
Variability  Unknown  - Average  Range  Method 
One  AQL  Value  for  Both  Upper  and  Lower  Specification  Limit  Combined 


Example  The  specifications  for  electrical  resistance  of  a certain  electrical  component  is 
650.0  ± 30  ohms.  A lot  of  100  items  is  submitted  for  inspection.  Inspection  Level 
IV,  normal  inspection,  with  AQL  = .4%  is  to  be  used.  From  Tables  A-Z  and  C-3  it 
is  seen  that  a sample  of  size  10  is  required.  Suppose  the  values  of  the  sample 
resistance  in  the  order  reading  from  left  to  right  are  as  follows: 

643,  651,  619,  627,  658,  (R,  = 658  - 619  = 39) 

670,  673,  641,  638,  650,  (R^  = 673  - 638  = 35) 

and  compliance  with  the  acceptability  criterion  is  to  be  determined. 


H 

• <• 

I 

• •.  * 

i 


Line 

Information  Needed 

Value  Obtained 

Explanation 

1 

Sample  Size:  n 

10 

2 

Sum  of  Measurements:  IX 

6470 

3 

Sample  Mean  X:  XX/n 

647 

6470/10 

4 

Average  Range  R:  XR/no.  of  subgroups 

37 

(39  4 35)/2 

5 

Factor  c 

2.405 

See  Table  C-3 

6 

Upper  Specification  Limit;  U 

680 

7 

Lower  Specification  Limit:  L 

620 

8 

Quality  Index:  Qy  = (U-X)c/R 

2.15 

(680-647)2.405/37 

9 

Quality  Index;  Qj^  = (X-L)c/R 

1.76 

(647-620)2.405/37 

10 

Est.  of  Lot  Percent  Del.  above  U; 

PU 

.35% 

See  Table  C-5 

11 

Est.  of  Lot  Percent  Def.  below  L; 

PL 

2.54% 

See  Table  C-5 

12 

Total  Est.  Percent  Def.  in  Lot;  p = 

Pu  + Pl 

2.89% 

.35%  4 2.54% 

13 

Max.  Allowable  Percent  Def.  M 

1.14% 

See  Table  C-3 

14 

Acceptability  Criterion;  Compare 

Pu  * pl  ^ 

P = 

2.89%  > 1.14% 

See  Para. 
C12. 1.2(7) 

The  lot  does  not  meet  the  acceptability  criterion,  since  p = py  4 pj^  is  greater  than  M. 


69 


1 


i 

i 


MIL-STD-414 
11  June  1957 


EXAMPLE  C-4 

Example  of  Calculations 
Double  Specification  Limit 
Variability  Unknown  - Average  Range  Method 
Different  AQL  Values  for  Upper  and  Lower  Specification  Limits 


Example  The  specifications  for  electrical  resistance  of  a certain  electrical  component  is 
650.0  ± 30  ohms.  A lot  of  100  items  is  submitted  for  inspc-tion.  Inspection  Level 
IV,  normal  inspection,  with  AQL  = i.S%  for  the  upper  and  AQL  = 17c  for  the  lower 
specification  limit  is  to  be  used.  From  Tables  A-2  and  C-3  it  is  seen  that  a sam- 
ple of  size  10  is  required.  Suppose  the  values  of  the  sample  resistances  in  the 
order  reading  from  left  to  right  are  as  follows: 

643,  651,  619,  627,  658,  (Rj  = 658  - 619  = 39) 

670,  673,  641,  638,  650,  (R^  = 673  - 638  ^ 35) 

and  compliance  with  the  acceptability  criteria  is  to  be  determined. 


Line 

Information  Needed 

Value  Obtained 

Ex£lanation 

1 

Sajnple  Size:  n 

10 

2 

Sum  o£  Measurements:  IX 

6470 

3 

Sample  Mean  5T;  IX/n 

647 

P470/10 

4 

Average  Range  R:  IR/no.  of  subgroups 

37 

(39  ‘ 35)/2 

5 

Facto  r c 

2.405 

See  T able  C-3 

6 

Upper  Specification  Limit:  U 

680 

7 

Lower  Specification  Limit;  L 

620 

8 

Quali'y  Index:  Q^j  = (U-X)c/R 

2.1  5 

(680-647)2.405/  3' 

9 

Quality  Index:  Qj^  = (3f-L)c/R 

1.76 

(647-620)2.405/37 

10 

Est.  of  Lot  Percent  Def.  above  U:  py 

.3  5% 

See  T able  C - 5 

11 

Eftt.  of  Lot  Percent  Def.  below  L. 

2.54% 

See  Table  C-5 

12 

Total  £«f.  Percent  Def.  in  Lot-  p = py  ♦ p^ 

2.89% 

.35%  •*  2,54% 

13 

Max.  Allowable  Percent  Def.  above  U-  My 

7.42% 

See  Table  C-  ^ 

14 

Max.  Mlowable  Percent  Def.  below  L:  Mj^ 

3.23% 

.See  Table  C-3 

1 5 

Acceptability  Criteria:  (a)  Compare  py 

with  Mu 

.35%  < 7.42% 

See  Para. 
C12.2.2(7)(a) 

(b)  Compare  p^ 
with  Ml 

2.54%  . 3.2  5% 

See  I'.ira. 
C12.2.2(7|(h) 

(c)  Compare  p 
with  Mu 

2.89%  c 7,42% 

See  Para 
C12.2,2(7)(c) 

The  lot  rreets  the  acceptability  criteria,  since  15(a),  (b)  and  (c)  are  satisfied.  i.»  , p(j  ■ 
M^;,  pj  c and  p <Mjj. 
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ESTIMATION  OF  PROCESS  AVERAGE  AND  CRITERIA  FOR 
REDUCED  AND  TIGHTENED  INSPECTION 


C13.  ESTIMATION  OF  PROCESS  AVER- 
AGE 

The  average  percent  defective,  based 
upon  a p.roup  lots  submitted  for  original 
inspection,  is  called  the  process  average. 
Original  inspection  is  the  first  inspection  of 
a particular  quantity  of  product  submitted 
for  acceptability  as  distinguished  from  the 
inspection  of  product  which  has  been  resub- 
mitted after  prior  rejection.  The  process 
average  shall  be  estimated  from  the  results 
of  inspectionof  samples  drawn  from  a spec- 
ified number  of  preceding  lots  for  the  pur- 
pose of  determining  severity  of  inspection 
during  the  cou’-se  of  a contract  in  accordance 
with  p«aragrap  i CJ4.3.  Any  lot  ahaJl  be  in- 
cluded only  o^'ce  in  estimating  the  process 
average.  The  estimate  of  the  process  aver- 
age is  design.''ted  by  py  when  computed  with 
respect  to  an  upper  specification  limit,  by 
when  commuted  with  respect  to  a lower 
specification  limit,  and  by  p when  computed 
with  Tf'spfjct  to  a double  specification  limit. 

C13.1  Abnormal  Results.  The  results  of 
insoectior.  ' oroduct  manufactured  under 
conditions  not  typical  of  usual  production 
shall  be  e\cli.’ded  from  the  estimated  pro- 
cess average. 

C13.Z  Computation  of  the  Estimated  Pro- 
c^es  •:  Average.  Tlie  estimated  process  aver^- 
age  ' the  aritimetic  mean  of  the  estimated 
Ic't  percent  de'ectives  computed  from  the 
sampling  inspection  results  of  the  preceding 
ten  (10)  or  as  may  be  otherwise  desig- 
nated. In  order  to  estimate  the  lot  percent 
defectivf*,  the  quality  indices  Qy  and/orQL 
shall  be  comp’  tod  for  each  lot.  These  are: 
Qy  - (*  -a)c/T  and  = (3^-L)c/H.  (See 
paragraph  Cl  1 2.) 


corresponding  estimated  lot  percent  defec- 
tive py  or  pT  , respectively,  is  read  from 
the  table.  The  estimated  process  average 
py  18  the  arithmetic  mean  of  the  individual 
estimated  lot  percent  defectives  py’s.  Sim- 
ilarly, the  estimated  process  average  pj^ 
IS  the  arithmetic  meanof  the  individual  esti- 
mated lot  percent  defectives  PL,‘s. 

Cl  3.2.2  DoubJ^e  Specification  Limit.  The 
estimated~lot  percent  defective  shalTbe  de- 
termined from  Table  C- 5 for  the  plans  based 
on  the  range  method.  The  quality  indices 
Qy  and  Qj^  shall  be  computed,  "able  C-5 
is  entered  separately  with  Qy  and  0 ^ and 
the  sample  size,  and  the  corresponding  py 
and  pjL^  are  read  from  the  table.  The  esti- 
mated lot  percent  defective  is  p r py  + Pj  . 
The  estimated  process  average  p is  the 
arithmetic  mean  of  the  individual  estimated 
lot  percent  defectives  p's. 

Cl  3.2.3  Special  Case.  If  the  quality  index 
Qy  or  Q£7^s  a negative  number,  then  Table 
C-5  is  entered  by  disregarding  the  negative 
sign.  However,  in  this  case  the  estimated 
lot  percent  defective  above  the  upper  limit 
or  below  the  lower  limit  is  obtained  by  sub- 
tracting the  percentage  found  in  the  table 
from  100%.' 

C14.  NORMAL,  TIGHTENED,  AND  RE- 
DUCED INSPECTION 

This  Standard  established  sampling 
plans  for  normal,  lightened,  and  reduced 
inspection. 

C14.1  At  Start  of  Inspection.  Normal  in- 
spectioiTsTiair  be  used  at  the  sFartof  inspec- 
tion unless  otherwise  designated. 


C14.2  During  Inspection.  During  the  course 
, u oI  inspection, ^norm^  inspection  shall  be 

Cl  3.2.1  .Slrg  1*  Specific ation  LimiL  The  used  when  inspection  conditions  are  such 

.-fUma'ed  lot  p-rcentA3«fectivfTrai  be  de-  that  tightened  or  reduced  inspection  is  not 

termined  from  Table  C-5  for  the  plans  based  required  in  accordance  with  paragraphs 

on  the  range  rr-thod.  The  quality  index  Qy  C14.3  and  C14.4. 

sh?’l  be  us''d  i >r  the  case  of  an  upper  spec- 

:fi  ation  limit  rQj^for  the  case  of  a lower  C14.3  Tightened  Inspection.  Tightened  in- 

^pecxfication  1 mit.  Table  C-5  is  entered  spection  be  instJTuteJ  when  the  rsti- 

With  Qy  or  Qj^  and  the  sample  size,  and  the  mated  process  average  computed  from  the 

Form  1 -Single  Specification  Limit  is  used  for  the  acceptability  criterion,  the  esti- 

*n  ..♦e  of  lot  per  cent  defective  py  orpyis  not  obtained;  in  order  to  estimate  the  process  aver- 
^ ^e.  It  in  neci  ssary  to  complete  paragraphs  Cl  2 and  C6.3  of  Form  2. 

' or  ex.ampJe,  f Qy  - -.50  and  Qt  = 1.60,  using  sample  size  60,  py  ^ 1 00%  - 30.94%  = 69.06%. 

= 5.32%  and  p - 69.06%  + 5.3^%  = 74.38%. 


C14.3  Tightened  Inspection.  Tightened  in- 
s pec t ion  snail  be  instJTufeJ  when  the  esti- 
mated process  average  computfd  from  the 
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preceding  ten  (10)  lote  (or  such  other  num- 
ber of  lots  designated)  in  accordance  with 
paragraph  Cl  3.2  is  greater  than  the  AQL, 
and  when  more  than  a certain  number  T of 
these  lots  have  estimates  of  the  percent 
defective  exceeding  the  AQL.  The  T- values 
are  given  in  Table  C-6  for  theprocess  aver- 
age computed  from  5,  10  or  15  lots.®  Nor- 
mal inspection  shall  be  reinstated  if  the 
estimated  process  average  of  lots  under 
tightened  inspection  is  equal  to  or  less  than 
the  AQL. 

C14.4  Reduced  Inspection.  Reduced  in- 
spection may  be  instituted  provided  that  all 
of  the  following  conditions  are  satisfied: 

Condition  A.  The  preceding  ten  (10) 
lots  (or  such  other  number  of  lots  designated) 
have  been  under  normal  inspection  and  none 
has  been  rejected. 

Condition  B.  The  estimated  percent 
defective  for  each  of  these  preceding  lots  is 
less  than  the  applicable  lower  limit  shown 
in  Table  C-7;  orfor  certain  sampling  plans, 


the  estimated  lot  percent  defective  is  equal 
to  zero  for  a specified  number  of  consecu- 
tive lots  (see  Table  C-7). 

Condition  C.  Production  is  at  a 
steady  rate. 

Normal  inspection  shall  be  reinstated  if  any 
one  of  the  following  conditions  occurs  under 
reduced  inspection. 

Condition  D.  A lot  is  rejected. 

Condition  E.  The  estimated  process 
average  is  greater  than  the  AQL. 

Condition  F.  Production  becomes 
irregular  or  delayed. 

Condition  G.  Other  conditions  as 
may  warrant  that  normal  inspection  should 
be  reinstated. 

Cl 4. 5 Sampling  Plans  for  Tightened  or  Re- 
duced Inspection.  Sampling  plans  f'or  tight- 
ened and  reduced  inspection  are  provided  in 
Section  C,  Parts  I and  II. 


^If  the  sample  sue  code  letter  is  not  the  same  for  all  samples  used,  the  entry  in  Table  C-6 
is  determined  by  the  sample  size  code  letter  corresponding  to  the  smallest  sample  size 
used  in  any  of  the  lota  included  in  the  estinution  of  the  process  average. 


1 < 

1 ^ 1 ^ 

* 

nn 

' ^ 1 

|5 

' s ; 

8 1 

1 8 

8 : 

i 8 

8 I 

I 

i 

li  1 

1 

11 

11  1 

1 

11 

_iij 

1% 

♦Thrr<“  are  no  *a  -nnUn^  plane  provided  in  this  Standard  for  theae  code  letters  and  AQL  values. 
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TABLE  C-e-Continued  Range  Method 


Values  of  T for  Tightened  Inspection 


The  top  figure  in  each  block  refers  to  the  preceding  5 lots,  the  middle  figure  to  the 
preceding  10  lots  and  the  bottom  figure  to  the  preceding  16  lots. 


Tightened  inspection  is  required  when  the  number  of  lots  with  estimates  of  percent 
defective  above  the  AQL.  from  the  preceding  5,  10,  or  16  lots  is  greater  than  the  given  value 
of  T in  the  table,  and  the  process  average  from  these  lots  exceeds  the  AQL. 

All  estimates  of  the  lot  percent  defective  are  obtained  from  Table  C-5. 


TABLE  C-7  Range  Method 


NOTE-  Thrrc  is  a corresponding  acceptability  constant  in  Table  C-1  for  each  value  of  f.  Kor  reduced  inspection,  find 
the  acceptability  constant  of  Table  C-Z  in  Table  C-1  and  use  the  corresponding  value  of  f. 
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APPENDIX  C 


Defiaitioiis 


Definitions 


Q sub  U 
Q sub  L 
p sub  U 


Sample  size  for  a single  lot. 

Sample  mean.  Arithmetic  mean  of  sample  measurements 
from  a single  lot. 

Range.  The  difference  between  the  largest  and  smallest 
measurements  in  a subgroup.  In  this  Standard,  the  subgroup 
size  is  5 except  for  those  plans  in  which  n = 3,  4 or  7,  in 
which  case  the  subgroup  is  the  same  as  the  sample  size. 

Range  of  the  first  subgroup. 

Rcinge  of  the  second  subgroup. 

Average  range.  The  arithmetic  mean  of  the  range  values  of 
the  subgroups  of  the  sample  measurements  from  a single  lot. 

Upper  specification  limit. 

Lower  specification  limit. 

The  acceptability  constant  given  in  Tables  C-1  and  C-l. 

A factor  used  in  determining  the  quality  index  when  using  the 
range  method.  The  c values  are  given  in  Tables  C-3  and  C-4. 

Quality  Index  for  use  with  Table  C-5. 

Quality  Index  for  use  with  Table  C-5. 

Sample  estimate  of  the  lot  percent  defective  above  U from 
Table  C-5. 


M sub  L 


p sub  L Sample  estimate  of  the  lot  percent  defective  below  L from 

Table  C-5. 

Total  sample  estimate  of  the  lot  percent  defective  p = py  + pj^. 

Maximum  allowable  percent  defective  for  sample  estimates 
given  in  Tables  C-3  and  C-4. 

M sub  U Maximum  allowable  percent  defective  above  U given  in  Tables 

C-3  and  C-4.  (For  use  when  different  AQL  values  for  U and 
L are  specified.) 

M sub  L Maximum  allowable  percent  defective  below  Lgiven  in  Tables 

C-3  and  C-4.  (For  use  when  different  AQL  values  for  U and 
L are  specified.) 

p oar  Sample  estimate  of  the  process  percent  defective,  i.e.,  the 

estimated  process  average. 

p bar  sub  U The  estimated  process  average  for  an  upper  specification  limit. 

p bar  sub  L The  estimated  proces s average  for  a lower  specification  limit. 

The  maximum  number  of  estimated  process  averages  which 
may  exceed  the  AQL  given  in  Table  C-6.  (For  use  in  deter- 
mining application  to  tightened  inspection.) 
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Symbol 


APPENDIX  C— Continued 


Definition* 


Definition* 


A factor  u*ed  in  determining  the  Maximum  Average  Range 
(MAR).  The  f value*  are  given  in  Table  C-8. 


Greater  than 


Greater  than. 


Less  than 


Less  than. 


Sum  of 


Sum  of. 
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SECTION  O 

VARIABILITY  KNOWN 

Part  i 

SINGLE  SPECIFICATION  LIMIT 


Dl.  SAMPLING  PLAN  FOR  SINGLE 
SPECIFICATION  UMIT 

This  part  of  the  Standard  describes  the 
procedures  for  use  with  plans  for  a single 
specification  limit  when  variability  of  the 
lot  with  respect  to  the  quality  characteristic 
18  known.  The  acceptability  criterion  is 
given  in  two  equivalent  forms.  These  are 
identified  as  Form  1 and  Form  2. 

Dl.l  Use  of  Sampling  Plans.  To  determine 
whether  the  lot  meets  the  acceptability 
c riterion  with  respect  to  a particular  quality 
characteristic  and  AQL  value,  the  applicable 
sampling  plan  shall  be  used  in  accordance 
with  the  provisions  of  Section  A.  General 
Description  of  Sampling  Plans,  and  those  in 
this  part  of  the  Standard. 

Dl.2  Drawing  of  Samples.  All  samples  shall 
be  drawn  in  accorcTance  with  paragraph  A7.2. 

D1.3  Determination  of  Sample  Size  Code 
Letter.  T*ne  sample  size  coae  letter  shall 
be  selected  from  Table  A-2  in  accordance 
with  paragraph  A7.1. 

D2.  SELECTING  THE  SAMPLING  PLAN 
WHEN  FORM  1 IS  USED 

D2. 1 Master  Sampling  Tables.  The  master 
sampling  tables  /or  plans  based  on  varia- 
bility known  for  a single  specification  limit 
are  Tables  D~1  and  D-2.  Table  D-l  is  used 
for  normal  and  tightened  inspection  and 
Table  D-2  for  reduced  inspection. 

DZ.2  Obtaining  Sampling  Plan.  The  sam- 
pling plan  consists  of  a sample  size  and  an 
associated  acceptability  constant.^  The 
sampling  plan  is  obtained  from  Master 
Table  D-l  and  D-2. 

D2.2.1  Sample  Size.  The  sample  size  n is 
shown  in  the  master  table  corresponding  to 
each  sample  size  code  letter  and  AQL. 


D2.2.2  Acceptability  Constant.  The  accept- 
ability constant  k,  corresponding  to  the  sam- 
ple size  mentioned  in  paragraph  D2.2.1,  is 
indicated  in  the  column  of  the  master  table 
corresponding  to  the  applicable  AQL  value. 
Table  D-l  is  entered  from  the  top  for  normal 
inspection  and  from  the  bottom  for  tightened 
inspection.  Sampling  plans  for  reduced  in- 
spection are  provided  in  Table  D-2. 

D3-  LOT-BY-LOT  ACCEPT ABIUTY  PRO- 
CEDURES  WHEN  FORM  1 IS  USED^ 

D3.1  Acceptability  Criterion.  The  degree 
of  coi^ormance  of  a quality  characteristic 
with  respect  to  a single  specification  limit 
shall  be  judged  by  the  quantity  (U-5f)/a  or 
(X-L)/a. 

D3.?.  Computation.  The  following  quantity 
shall  be  computed;  (U-X)/o  or  (X-L)/o, de- 
pending on  whether  the  specification  limit 
is  an  upper  or  a lower  limit,  where 

U IS  the  upper  specification  limit, 

L 18  the  lower  specification  limit, 
is  the  sample  mean,  and 
a is  the  known  variability. 

D3.3  Acceptability  Criterion.  Compare  the 
quantity  (U-Xj/o  or  (X-L)/"  with  the  accept- 
ability constant  k.  If  (U-3?)/o  or  (X-L)/o  is 
equal  to  or  greater  than  k,  the  lot  meets  the 
acceptability  criterion;  if  (U-3f)/c  or  (X-  L)/o 
is  less  than  k or  negative,  then  the  lot  does 
not  meet  the  acceptability  criterion. 

D4.  SUMMARY  FOR  OPERATION  OF 
SAMPLING  PLAN  WHEN  FORM  1 IS 
USED 

The  following  steps  summarize  the  pro- 
cedures to  be  followed: 

(1)  Determine  the  sample  size  code  let- 
ter from  Table  A-2  by  using  the  lot  size  and 
the  inspection  level. 


*See  Appendix  D for  definitions  of  all  symbols  used  in  the  sampling  plans  based  on  variability 
known. 

^See  Example  D-l  for  a complete  example  of  this  procedure. 
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(Z)  Obtain  plan  from  Master  Table  D-1 
or  D-Z  by  selecting  the  sample  size  n and 
the  acceptability  constant  k, 

(3)  Sele<"t  at  random  the  sample  of  n 
units  from  the  lot;  inspect  and  record  the 
measurement  of  the  quality  characteristic 
for  each  unit  of  the  sample. 

(4)  Compute  the  sample  mean  5?,  and 
also  compute  the  quantity  (U-X)/<y  for  an 
upper  specification  limit  U or  the  quantity 
{5T-L)/e  for  a lower  specification  limit  L. 

(5)  If  the  quantity  (U-X)/o  or 

is  equal  to  or  greater  than  k,  the  lot  meets 
the  acceptability  criterion;  if  (U-X)/a  or 
(5C-  L)/o  is  less  than  k or  negative,  then  the 
lot  does  not  meet  the  acceptability  criterion. 

D5.  SELECTING  THE  SAMPLING  PLAN 
WHEN  FORM  2 IS  USED 

DS.l  Master  Sampling  Tables.  The  master 
sampling  tables  for  plans  based  on  varia* 
bility  known  for  a single  specification  limit 
are  Tables  D-i  and  D-4  of  Part  II.  Table 
D 3 IS  used  for  normal  and  tightened  in- 
spection and  Table  D'4  for  reduced  inspec- 
tion. 

D^.Z  Obtaining  the  Sampling  Plan.  The 
samoling  plan  consists  of  a sample  size  and 
an  associated  maximum  allowable  percent 
defective.  T'  e sampling  plan  is  obtained 
from  Master  Table  D-3  or  D-4. 

ns  Z.l  Sarrpl.:*  Size.  The  sample  size  n is 
shown  in  the  master  table  corresponding  to 
each  sample  size  code  letter, 

DS.Z.Z  Maxirr>um  Allowable  Percent  De- 
/»*cUve.  The  maximum  allowable  percent 
defective  M for  sample  estimates  corres- 
ponding to  the  sample  size  mentioned  in 
paragr.aph  DS.Z.l  is  indicated  in  the  column 
of  the  master  table  corresponding  to  the 
applicable  ACL  value.  Table  D-3  is  entered 
fr  -m  the  top  for  normal  inspection  and  from 
tl’.e  bottom  for  tightened  inspection.  Sam- 
pling plans  for  reduced  inspection  are  pro- 
vided in  Table  D-4. 

D6  LOT-BY- LOT  ACCEPT ABIUTY  PRO- 
CEDURES  WHEN  FORM  2 IS  USED^ 

I'b.l  A(-Oj>tabilit^  Criterion.  The  degree 
onformarue  of  a quality  characteristic 
wuh  r'-«peitt  a single  specification  limit 
“ Jl  be  judg«  d by  the  percent  of  noocon- 
rrning  product  outside  the  upper  or  lower 

Example  D-Z  for  a complete  example  of 


specification  limit.  The  percentage  of  non- 
conforming  product  is  estimated  by  entering 
Table  D-5  with  the  quality  index. 

D6.2  Computation  of  Quality  Index.  The 
quality  index  Qy  =^(U-5t)v/*  shall  be  com- 
puted if  the  specification  limit  is  an  upper 
limit  U,  or  = (X-L)v/a  if  it  is  a lower 
limit  L.  The  quantities,  X and  o , are  the 
sample  mean  and  known  variability , respec- 
tively. The  factor  v is  provided  in  Tables 
D-3  and  D-4  corresponding  to  the  sample 
size. 

D6.3  Estimate  of  Percent  Defective  in  Lot. 
The  quality  of  a lot  shall  be  express^Uy 
PU,  the  estimated  percent  defective  in  the 
lot  above  the  upper  specification  limit,  or 
by  pl»  the  estimated  percent  defective  below 
the  lower  specification  limit.  The  estimated 
percent  defective  py  or  p^^  is  obtained  by 
entering  Table  D-B  with  Qy  or  Qj^. 

D6.4  Acceptability  Criterion.  Compare  the 
estimated  lot  percent  defective  py  or  pL 
with  the  maximum  allowable  percent  defec- 
tive M.  If  pu  or  PL  IS  equal  to  or  less  than 
M,  the  lot  meets  the  acceptability  criterion; 
if  py  or  pl  is  greater  than  M or  if  Qy  or 
Ql  is  negative,  then  the  lot  does  not  meet 
the  acceptability  criterion. 

D7.  SUMMARY  FOR  OPERATION  OF 
SAMPLING  PLAN  WHEN  FORM  2 IS 
USED 

The  following  steps  summarize  the  pro- 
cedures to  be  followed: 

(1)  Determine  the  sample  size  code  let- 
ter from  Table  A-Z  by  using  the  lot  size  and 
the  inspection  level. 

(Z)  Obtain  plan  from  Master  Table  D-3 
or  D-4  by  selecting  the  sample  size  n,  the 
factor  V,  and  the  maximum  allowable  per- 
cent defective  M. 

(3)  Select  at  random  the  sample  of  n 
units  from  the  lot;  inspect  and  record  the 
measurement  of  the  quality  characteristic 
on  each  unit  of  the  sample. 

(4)  Compute  the  sample  mean  X. 

(5)  Compute  the  quality  index  Qy  = 
(U~X)v/0  if  an  upper  specification  limit  U 
is  specified,  or  Ql  = (a-L)v/^  if  a lower 
specification  limit  L is  specified. 

(6)  Determine  the  estimated  lot  percent 
defective  py  or  pL  from  Table  D-B. 

I procedure 


M 


(7)  If  the  estimated  lot  percent  defec* 
tive  pu  or  PL,  ^8  equal  to  or  less  than  the 
maximum  allowable  percent  defective  M, 
the  lot  meets  the  acceptability  criterion; 
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if  pu  or  p^  is  greater  than  M or  if  Qy  or 
is  negative,  then  the  lot  does  not  meet 
the  acceptability  criterion. 


EXAMPLE  D-1 
Example  of  Calculations 
Single  Specification  Limit— Form  1 
Variability  Known 

Example  The  specified  minimum  yield  point  for  certain  steel  castings  is  58,000  psi.  A lot 
of  500  items  is  submitted  for  inspection.  Inspection  Level  IV,  normal  inspection, 
with  AQL  = 1.5%  is  to  be  used.  The  variability  o is  known  to  be  3000  psi.  From 
Tables  A-2  and  0-1  it  is  seen  that  a sample  of  size  10  is  required.  Suppose  the 
yield  points  of  the  sample  specimens  are: 

62,500;  60,500;  68,000;  59,000;  65,500; 

62,000;  61,000;  69,000;  58,000;  64,500; 

and  complicuice  with  the  acceptability  criterion  is  to  be  determined. 


Information  Needed 


Value  Obtained 


Explanation 


1 Sample  Size:  n 

2 Known  Variability:  o 

3 Sum  of  Measurements:  XX 

4 Sample  Mean  H:  XX/ n 

5 Specification  Limit  (Lower):  L 

6 The  Quantity;  (X-L)/i7 

7 Acceptability  Constant:  k 

8 Acceptability  Criterion:  Compare  (X-L)/o 

with  k 


630,000 

63.000 

58.000 


1.67  < 1.70 


63,000/10 


(63, 000-58, 000)/3000 
See  Table  D-1 


See  Para.  D3. 3 


The  lot  does  not  meet  the  acceptability  criterion,  since  (X-L)/o  is  less  than  k. 

NOTE:  If  a single  upper  specification  limit  U is  given,  then  compute  the  quantity  (U-X)/<7  in 
line  6 and  compare  it  with  k;  the  lot  meets  the  acceptability  criterion  if  (U-X)/o  is 
equal  to  or  greater  than  k. 
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EXAMPLE  D-2 
Example  of  Calculations 
Single  Specification  Limit— Form  2 
Variability  Known 


Example  The  specified  minimum  yield  point  for  certain  steel  castings  is  58,000  psi.  A lot 
of  500  items  is  submitted  for  inspection.  Inspection  Level  IV,  normal  inspection, 
with  AQL  - 1.5%  IS  to  be  used.  The  variability  o is  known  to  be  3000  psi.  From 
Tables  A-2  and  D-1  it  is  seen  that  a sample  of  size  10  is  required.  Suppose  the 
yield  points  of  the  sample  specimens  are: 

62,500;  60,500;  68,000;  59,000;  65,500; 

62,000;  61,000;  69,000;  58,000;  64,500; 


and  compliance  with  the  acceptability  criterion  is  to  be  determined. 


Line 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Information  Needed 


Value  Obtained 


Explanation 


San. pie  Size;  n 
Known  Variability:  a 
Sum  of  Measurements:  EX 
Sample  Mean  X:  EX/n 
F at  tor:  v 

Specification  Limit  (Lower):  L 

Quality  Index:  Ql  • (X-L)v/<7 
Est.  of  Lot  Percent  Def:  p^ 

Max.  Allowable  Percent  Def.'  M 


10 

3,000 

630,000 

63.000 
1.054 

58.000 


630,000/10 


Acceptability  Criterion:  Compare  p^ 

with  M 


1.76 

(63,000-58,000)1 .054 

5,0U0 

3.92% 

See 

Tvibie 

D-  5 

3.63% 

See 

Table 

D-3 

' 3.63% 

See 

Para. 

Db,4 

The  lot  does  not  meet  the  acceptability  criterion,  since  pj^  is  greater  than  M. 


NOTE:  If  a single  upper  specification  limit  U is  given,  then  compute  the  quality  index  Qj^i  " 
(U-Xlv/e  in  line  7 and  obtain  the  estimate  of  the  percent  defective  py.  Compare  py 
with  M:  the  lot  meets  the  acceptability  criterion  if  py  is  equal  to  or  less  than  M. 
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TABLE  D-1 -Continued 


Acceptable  Quality  Levels  (tightened  inspection) 


TABLE  D-2 


cent  defective. 


item  in  the  iot  must  be  inspected. 


I 

f. 
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Part  U 

DOUBLE  SPECIFICATION  LIMIT 


D8  SAMPLING  PLAN  FOR  DOUBLE 
SPECIFICATION  UMIT 

This  part  of  the  Standard  describes  the 
procedures  for  use  with  plans  for  a double 
specification  limit  when  variability  of  the 
lot  with  respect  to  the  quality  characteristic 
is  known. 

D8.1  Use  of  Sampling  Plans.  To  deternime 
whetner  the  lot  meets  the  acceptability  c ri- 
tenon  with  respect  to  a particular  quality 
characteristic  and  AQL  value(s),  the  appli- 
cable sampling  plan  shall  be  used  in  accord- 
ance with  the  provisions  of  Section  A,  Gen- 
eral Description  of  Sampling  Plans,  and 
those  in  this  part  of  the  Standard. 

D9.  SELECTING  THE  SAMPUNG  PLAN 

A sampling  plan  for  each  AQL  value 
shall  be  selected  from  Table  D-3  or  D-4  as 
follows* 

D9. 1 Determination  of  Sample  Size  Code 
Letter.  The  sample  size  code  letter  shall 
be  selected  from  Table  A-2  in  accordance 
with  paragraph  A7.1. 

D9.2  Master  Sampling  1 ^les.  The  master 
sampling  tables  for  plans  based  on  variabil- 
ity knownfor  a double  specification  limit  are 
Tables  D-3  and  D-4.  Table  D-3  is  used  for 
normal  and  tightened  inspection  and  Table 
D-4  for  reduced  inspection. 

D9.  ^ Obtaining  Sampling  Pl<in.  A sampling 
plan  consists  of  a sample  size  and  an  asso- 
ciated maximum  allowable  percent  defec- 
live(s).  The  sampling  plan  to  be  applied  in 
inspection  shall  be  obtained  from  Master 
T.ible  D-3  or  D-4. 

D9.3.1  Sample  Size.  The  samolc  size  n is 
shown  in  the  master  tables  corresponding  to 
each  sample  size  code  letter  and  AQL. 

D9  3.2  Maximum  Allowable  Percent  Defec- 
tive-  The  maximum  allowablT  percent  de- 
fective  for  sample  estimates  of  percent 
defective  for  the  lower , upper,  or  both  spec- 
ification limits  combined,  corresponding  to 
the  sample  size  mentioned  in  paragraph 
D9. 3. 1 , IS  shown  in  the  column  of  the  master 
table  corresponding  to  the  applicable  AQL 
vaJue(s).  If  different  AQL's  are  assigned  to 
each  specification  limit,  designate  the  max- 
imum allowable  percent  defective  by  M^^for 


the  lower  limit,  and  by  My  tor  the  upper 
limit.  If  one  AQL  is  assigned  to  both  limits 
combined,  designate  the  maximum  allowable 
percer.t  defective  by  M.  Table  D-  3 is  entered 
from  the  lop  for  normal  inspection  and  from 
the  bottom  for  tightened  inspection.  Sam- 
pling plans  for  reduced  inspection  are  pro- 
vided in  Table  D-4. 

DIO.  DRAWING  OF  SAMPLES 

Samples  shall  be  selected  in  accord- 
ance with  paragraph  A7.2. 

Dll.  LOT- BY -LOT  ACCEPTABILITY 
PROCEDURES 

Dll.l  Acceptability  Criterion.  The  degree 
of  conformance  ofa  quality  characteristic 
with  respect  to  a double  specification  limit 
shall  be  judged  by  the  percent  of  noncon- 
forming product.  The  percentage  of  non- 
conforming product  s estimated  by  entering 
Table  D-b  with  the  quality  index. 

Dil.2  Computation  of  Quality  Indices.  The 
quality  indices  Qy  = (U-X)v/<»  and  = 

(X-L)v/o  shall  be  computed,  where 

U IS  the  upper  specification  Iirr.it, 

L is  the  lower  specification  hnat, 

V IS  a factor  provided  in  Tables  D-  3 and  D-4, 
X IS  the  sample  mean,  and 
a IS  the  known  variability. 

Dli.3  Percent  Defective  in  the  Lot.  The 
quality  of  a lot  shall  be  expressed  in  terms 
of  fhe  lot  percent  defective,  its  estimate 
will  be  designated  by  pj^,  py,  or  p.  The 
estimate  py  indicate.s  confortnance  with 
respect  to  the  upper  specificrti  n limit,  pj_ 
with  respect  to  the  Icwer  specification  limit, 
and  p for  both  specification  Lmits  com- 
bined. The  estimates  pt  and  ptj  shall  be 
determined  by  entering  Table  D-?.  respec- 
tively with  Qj^and  Qy-  The  estimate  p shall 
be  determined  by  addin^  Ine  corresponding 
estimated  percent  defectives  and  py  found 
in  the  table . 

D12.  ACCEPTABIUTY  CRITERION  AND 
SUMMARY  FOR  OPERv^TlON  OF 
SAMPUNG  PLANS 

D12.1  One  AQL  value  tor  both  Llppe-  and 
Luv.er  Specx^ication  Limit  Combined. 
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012.1.1  Accep  ability  Criterion.  Compare 
the  estimate^-  lot  percent  defective  p = Pu  + 
PL  rraxirnum  allowable  percent 

defective  M.  If  o is  equal  to  or  less  than  M, 
rhe  lot  meets  t>e  acceptability  criterion;  if 
p is  greater  thja  1/  or  if  Qy  or  or  both 
arc  negative,  tl  en  the  lot  does  not  meet  the 
acceptability  criterion. 

DIZ.1.2  Summaryof  Operation  M Sarnplingj 
Plan.  In  cases  wnero  a single  AOTTvaJue  is 
eetablisned  for  *he  upper  and  lower  specific 
• ;»tion  limit  combined  for  a single  quality 
rh*'*racte'‘i”tic,  .he  following  steps  summa^ 
rize  the  proced  \re.s  to  be  used: 

(])  Determine  the  sample  size  code 
letter  .^rom  Tat  e A-2  by  using  the  lot  size 
and  the  inspect  m level. 

(2)  Select  plan  from  Master  Table 
D-3  or  D-4.  Citain  the  sample  size  n,  the 
I'actor  V,  and  the  maximum  allowable  per» 
cent  defective  f'. 

(3)  Sei“Ct  at  random  the  sample  of 
n unitfj  from  the  ?ot;  inspect  and  record  the 
measurement  o the  quality  characteristic 
on  each  unit  of  the  sample. 

Compute  the  sample  mean  X. 

(5)  Cor-'.pute  the  quality  indices  Qy 
= (U-X)v//7  anti  = (X-L)v/o. 

Det  rinine  the  estimated  lot 
percent  defective  p - prj  + py  from^Tabie 


(7)  If  th"  estimated  lot  percent  de- 
fectivn  p 's  ejua  to  nr  less  than  the  maxi> 
mum  allowable  »^ercont  defective  M,  the  lot 
meets  the  acce’ itahility  criterion;  if  p is 
greater  than  V r li  Q^j  or  Qr  or  both  are 
negative,  then  he  lot  does  not  meet  the 
acceptability  cri'erion. 


D12.2  Different 
'...ower  Specinca 

D1  2.2. 1 Ac c pt i- 
V'C  estimatet’’  To 
py  w;*  h th**  cor  r 
able  percent  dc 
compare  d pj^ 
and  M'j.  If 
i«  equa’  to  or  le^ 
to  'V-  le«^n  than 
ot  m^ets  » 


AQ T.,  Values  for  Upper  and 
ion  Limit. 

c 

bility  Criteria.  Compare 
percent  ^eTective 8 py  and 
spending  maximum  allow - 
»*ctsve8  Mj^  and  My;  also 
' PU  larger  of  My 

•qua!  to  or  less  than  My,  py 
s than  My.  and  p is  equal 
'he  larger  of  My  and  My, 
^e  ar  ceptability  criteria; 


otherwise,  the  lot  does  not  meet  the  accept- 
ability criteria.  If  either  Qy  or  Qy  br  both 
are  negative,  then  the  lot  does  not  meet  the 
acceptability  criteria. 

D12.2.2  Summary  of  Operation  of  Sampling 
Plan.  In  cases  whFre  a different  AOC  v^uc 
is  established  for  the  upper  and  lower  spec- 
ification limit  for  a single  quality  characte  r- 
istic,  the  following  steps  summarize  the 
procedures  to  be  used: 

(1)  Determine  the  sample  size  code 
letter  from  Table  A-2  by  using  the  lot  size 
and  inspection  level. 

(2)  .Select  the  sampling  plan  from 
Master  Table  D-3  or  D-4.  Obtain  the  sam- 
ple size  n and  the  factor  v,  corresponding 
to  the  larger  of  the  two  AQLvaJues,  and  also 
the  maximum  allowable  percent  defectives 
My  and  Mt  , corresponding  to  the  AQL 
values  for  the  upper  and  lower  specilication 
limits,  respectively. 

(3)  Select  at  random  the  sample  of 
n units  from  the  lot;  inspect  and  record  the 
measurement  of  the  quality  characteristic 
on  each  unit  m the  sample. 

(4)  Compute  the  sample  mean  X. 

(5)  Compute  the  quality  indices  Qy 
= (U-X)v/o  and  - (X-  L)v/„  , 

(6)  Determine  the  estimated  lot 
percent  defectives  py  and  py,  correspond 
ing  to  the  percent  defectives  above  the  upper 
and  below  the  lower  specification  limits. 
Also  determine  the  combined  percent  defec- 
tive p = Py  + Py. 

(7)  If  all  three  of  the  following  con- 


fa)  Py  is  equal  to  or  less  than 
(b)  Py  is  equal  to  or  let;s  than 


(c)  p is  equal  to  or  less  than  the 
larger  of  My  and  My, 

are  satisfied,  the  lot  meets  the  acceptability 
criteria;  otherwise,  the  lot  does  not  meet  the 
acceptability  criteria.  If  either  U»  or  Uy 
or  both  arc  negative,  then  the  lot  does  not 
meet  the  acceptability  criteria. 


T-':-»rnple  D 3 for  a complete  example  of  this  procedure, 
.ee  t,:  Amp’'*  D-4  for  a complete  example  of  this  procedure. 
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EXAMPLE  D-3 

Example  of  Calculaiions 
Double  Specification  Limit 
Variability  Known 

One  AQL  Value  for  Both  Upper  and  Lower  Specification  Limit  Combined 


Example  The  specified  maximum  and  minimum  yield  points  for  certain  steel  castings  are 
67,000  psi  and  SS, 000  psi,  respectively.  A lot  of  bOO  items  is  submitted  for  inspec- 
tion. Inspection  Level  IV,  normal  inspection,  with  AQL  = l.S%  is  to  be  used.  The 
variability  a is  known  to  be  3,000  psi.  From  Tables  A~^  and  D-3  it  is  seen  that  a 
sample  of  size  10  is  required.  Suppose  the  yield  points  of  the  sample  specimens 
are: 

62,500,  60.500;  68,000;  59.000;  65,500, 

62,000;  61,000;  69,000;  58,000;  64,500; 

and  complianice  with  the  acceptability  criterion  is  to  be  determined. 


Line 

Information  Needed 

Value  Obtained 

Explanation 

1 

Sample  Size:  n 

10 

2 

Known  Variability:  a 

3,000 

3 

Sum  of  Measurements:  XX 

b30,000 

4 

Sample  Mean  X:  XX/n 

63,000 

630,000/10 

5 

Factor:  v 

1.054 

See  Table  D-3 

6 

Upper  Specification  Limit:  U 

67,000 

7 

Lower  Specification  Limit:  L 

58,000 

8 

Quality  Index:  Qy  = (U-X)v/<7 

1.41 

(67,000-6  3,000)1 .054/  3,000 

9 

Quality  Index:  Qj^  = (X-L)v/o 

1.76 

(6  3,000-58,000)1.054/  3,000 

10 

Est.  of  Lot  Percent  D«f.  Above  U:  py 

7.93% 

See  Taolc  D-5 

11 

Est.  of  Lot  Percent  Def.  Below  L: 

3.92% 

See  Table  D-5 

12 

Total  Est.  Percent  Def.  in  Lot:  p = 
PU  * Pl 

11.85% 

7.93%  . 3.92% 

13 

Max.  Allowable  Percent  Def.:  M 

3.6i% 

See  Table  D-3 

14 

Acceptability  Criterion:  Compare  p = 
Py  + Py  M 

1 1.85%  > 3.63% 

See  Para.  D1 1 .4 

The  lot  does  not  meet  the  acceptability  criterion,  since  p = py  * p^  is  greater  than  M. 
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example  D-4 

Example  of  Calculations 
Double  Specification  Limit 
Variability  Known 

Different  AQL  Values  for  Upper  and  Lower  Specification  Limits 


The  specified  maximum  and  minimum  yield  points  for  certain  steel  castings  are 
67,000  psi  and  58,000  psi,  respectively.  A lot  of  500  items  is  submitted  for  inspec- 
tion. Inspection  Level  IV,  normal  inspection  with  AQL  = 1%  for  the  upper  and 
Ad  j - 2.5%  for  the  lower  specification  limit  is  to  be  used.  The  variability  » is 
known  to  be  3,000  psi.  From  Tables  A-2  and  D-3  it  is  seen  that  a sample  of  sire 
11  corresponding  to  the  sample  size  code  letter,  I,  and  the  AQL  value  of  2.5%  is 
reo  jired.  Suppose  the  yield  points  of  the  sample  specimens  are: 

62,500;  60,500;  64,000;  59,000;  65,500; 

62,000;  61,000;  60,631;  68,000;  62,000;  63,000 

and  compliance  with  the  acceptability  criteria  is  to  be  determined. 


Line 

Inlormation  Needed 

Value  Obtained 

Explanation 

1 

Sample  Size:  n 

1 1 

2 

Known  Variability:  o 

3,000 

3 

Sum  of  Measurements:  EX 

678,131 

4 

Sample  Mean  X:  2X/n 

61,648 

678,131/1  1 

5 

Factor:  v 

1.049 

See  Table  D-3 

6 

Upper  S'jecification  Limit:  U 

67,000 

7 

Lower  f pec  ilication  Limit:  L 

58,000 

8 

Quality  'ndex  Oy  = (U-X)v/<r 

1.87 

(67,000-61.648)1.049/3,000 

9 

Quality  Index:  - <X-L)v/e 

1.28 

(61.648-58,000)1.049/3.000 

10 

Est.  of  Lot  Percent  Def.  Above  U:  p^ 

3.07% 

See  Table  D 5 

1 1 

Est.  of  "vot  Percent  Def.  Below  L:  pj^ 

10.03% 

See  Table  D-5 

12 

Total  Est.  Percent  Def.  in  Lot;  p = pjj  t- 
BL 

13.10% 

3.07%  * 10.03% 

13 

Max.  Al'owable  Percent  Def.  Above  U:  My 

2.59% 

See  Table  D 3 

14 

Max.  Allowable  Percent  Def.  Below  L: 

5.60% 

See  Table  D-  3 

15 

Acceptability  Criteria  (a)  Compare  py 

with  My 

(b)  Compare  p^_ 
with  M 

(c)  Compare  p 
with  M 

3.07%  s 2.59% 
10.03%  > 5.60% 
13  10%  > 5.60% 

See  Para. 
D12.2.2(7)(a) 
See  Para. 
D12.2.2(7)(b) 
See  Para. 
D12.2.2(7)(c  1 

fied. 

The  !o»  no^  meet  the  arrentabihty  r riteria,  since  1 S( 

1 . e . , 0 u • M f j , p ^ > aM  a :id  p M L , 

a),  (b)  and  (c)  are  not  satis- 

All  AQL  and  table  vaJuea  are  in  percent  defective. 

I U»e  first  aainpling  plan  below  arrow,  that  m,  both  sample  size  a*  well  ai.  M value.  Wnen  sample  size  equals  or  exceeds  lot 
\tize,  every  item  in  the  lot  must  be  inspected. 


Master  Table  for  Reduced  Inspection  for  Plans  Based  on  Known  Variability 
(Double  Specification  Limit  and  Form  2 — Single  Specification  Limit) 
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ESTIMATION  OF  PROCESS  AVERAGE  AND  CRITERIA  FOR 
REDUCED  AND  TIGHTENED  INSPECTION 


D13.  ESTIMATION  OF  PROCESS  AVER- 
AGE 

The  average  percent  defective,  based 
upon  a group  of  lots  submitted  for  original 
inspection,  is  called  the  process  average. 
Original  inspection  is  the  first  inspection  of 
a particular  quantity  of  product  submitted 
for  acceptabil  ty  as  distinguished  from  the 
inspection  of  product  which  has  been  resub- 
mitted after  prior  rejection.  The  process 
average  shall  be  estimated  from  the  results 
of  inspiection  of  samples  drawn  from  a spec- 
ified number  of  preceding  lots  for  the  pur- 
pose of  determining  severity  of  inspection 
during  the  course  of  a contract  in  accordance 
with  paragrap!  D14.3.  Any  lot  shall  be  in- 
cluded only  once  in  estimating  »he  process 
aveiage.  The  estimate  of  the  process  aver- 
age IS  designated  by  pjj  when  computed  with 
respect  to  an  upper  specification  limit,  by 
PL  comp  :ted  with  respect  to  a lower 

specification  limit,  and  by  p when  computed 
with  respect  to  a double  specification  limit. 

U13.1  Abnormal  Results.  The  results  of 
inspection  of  product  manufactured  under 
conditions  not  typical  of  usual  production 
shall  be  exclui  ed  from  the  estimated  pro- 
cess average. 

D13.2  Comput.ition  of  the  Estimated  Pro- 
cess  Average,  'he  estimated  process  aver- 
age  IS  the  arlth.metic  mean  of  the  estimated 
lot  percent  defective  computed  from  the 
sampling  inspection  results  of  the  preceding 
ten  (10)  lots  or  as  may  be  otherwise  desig- 
nated. In  order  to  estimate  the  lot  percent 
defective,  the  quality  indices  Qy  and/or 
shall  be  comouted  for  each  lot.  These  are: 
Qy  = (U-V)vVe  and  Qy  = (X-L)v/e.  (See 
paragraph  D1  1.2.) 

D 13.2.1  Single  Specification  Limit. ^ The 
estimated  lot  p<-rcent  defective  shall  be  de- 
termined from  Table  D-5  for  the  plans  based 
on  known  variability.  The  quality  index  Qy 
shall  be  used  for  the  case  of  anupper  spec- 
ification limit  orQjyfor  the  case  of  a lower 
specification  li-uit.  Table  D-^  is  entered 


with  Qy  or  Ql  and  the  corresponding  esti- 
mated lot  percent  defective  py  or  pj^,  re- 
spectively, is  read  from  the  table.  The 
estimated  process  average  py  is  the  arith- 
metic mean  of  the  individual  estimated  lot 
percent  defectives  Py'»-  Similarly,  the  esti- 
mated process  average  Pl*®  the  arithmetic 
mean  of  the  individual  estimated  lot  percent 
defectives  Py's. 

D1 3.2.2  Double  Specification  Limit.  The 
estimated  lot  percent  defective  shall  be  de- 
te rmined  from  Table  D - 5 for  the  plans  based 
on  variability  known.  The  quality  indices 
Qy  and  Q^  shall  be  computed.  Table  D-5  is 
entered  separately  with  Qy  and  Qy  and  the 
corresponding  py  and  pyare  read  from  the 
table.  The  estimated  lot  percent  defective 
IS  p = py  + py.  The  estimated  process  aver- 
age p is  the  arithmetic  mean  of  the  individual 
estimated  lot  percent  defectives  p’s. 

D1  3.2.3  Special  Case.  If  the  quality  index 
Qy  or  Qy  18  a negative  number,  then  Table 
D-5  is  entered  by  dis regarding  the  negative 
sign.  However,  in  this  case  the  estimated  lot 
percent  defective  above  the  upper  limit  or 
below  the  lower  limit  is  obtained  by  subtract- 
ing the  percentage  found  in  the  table  from 
100%.^ 

D14.  NORMAL,  TIGHTENED,  AND  RE- 
DUCED INSPECTION 

This  Standard  establishes  sampling 
plans  for  normal,  tightened,  and  reduced 
inspection. 

D14. 1 At  Start  of  Inspection.  Normal  in- 
spection  shall  be  used  at  the  start  of  inspec- 
tion unless  otherwise  designated. 

D14.2  During  Inspection.  During  the  course 
of  inspectioa7  normal  inspection  shall  be 
used  when  inspection  conditions  are  such 
that  tightened  or  reduced  inspection  is  not 
required  in  accordance  with  paragraphs 
D14.3  and  D14.4. 

D14.3  Tightened  Inspection.  Tightened  in- 
spection  ^all  be  instituted  when  the  esti- 
mated process  average  computed  from  the 


When  Form  1 — Single  Specification  Limit  is  used  for  the  acceptability  criterion,  the  esti- 
ma*e  of  lot  percent  defective  py  or  py  is  not  obtained;  in  order  to  estimate  the  process 
average,  it  is  recessary  to  complete  paragraphs  D6.2  and  D6.3  of  Form  2. 

Fir  example,  i Qy  - .50  and  Qy  = 1 .60.  then  py  = 100%  - 30.854%  = 69. 1 4641,  p,  ^ 5.48% 
ard  p = 69.146*'  ♦ ^48%  = 74.626%. 
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preceding  ten  (10)  lots  (or  such  other  num- 
ber of  lots  designated)  in  accordance  with 
paragraph  D1 3.2  is  greater  than  the  AQL, 
and  when  more  than  a certain  number  T of 
these  lots  have  estimates  of  the  percent 
defective  exceeding  the  AQL.  The  T- values 
are  given  in  Table  D-6  when  the  process 
average  is  computed  from  5,  10,  or  15  lots.® 
Normal  inspection  shall  be  reinstated  if  the 
estimated  process  average  of  lots  under 
tightened  inspection  is  equal  to  or  less  than 
the  AQL. 

D14.4  Reduced  Inspection.  Reduced  in- 
spection may  be  instituted  provided  that  ail 
of  the  following  conditions  are  satisfied: 

Condition  A.  The  preceding  ten  (10) 
lots  (or  such  other  number  of  lots  designated) 
have  been  under  normal  inspection  and  none 
has  been  rejected. 

Condition  B.  The  estimated  percent 
defective  for  each  of  these  preceding  lots  is 
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leas  than  the  applicable  lower  limit  shown 
in  Table  D-7. 

Condition  C.  Production  is  at  a 
steady  rate. 

Normal  inspection  shall  be  reinstated  if  any 
one  of  the  following  conditions  occurs  under 
reduced  inspection: 

Condition  D.  A lot  is  rejected. 

Condition  E.  The  estimated  process 
average  is  greater  than  the  AQL. 

Condition  F.  Production  becomes 
irregular  or  delayed. 

Condition  G.  Ocher  conditions  as 
may  warrant  that  normal  inspection  should 
be  reinstated. 

D14.5  Sampling  Plans  for  Tightened  or  Re- 
duced Inspection.  Sampling  plans  for  tight- 
ened and  reduced  inspection  are  provided  in 
Section  JD,  Parts  J and  IL 


®lf  the  sample  size  code  letter  is  t.ot  the  same  for  all  samples  used,  the  entry  in  Table  D-6 
18  determined  by  the  sample  size  code  letter  corresponding  to  the  smallect  sample  size 
used  in  any  of  the  lots  included  in  the  estimation  of  the  process  average. 
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TABLE  D-fl-Contlnued  Variability  Known 


Values  of  T for  Tightened  Inspection 


The  top  figure  in  each  block  refers  to  the  preceding  5 lots,  the  middle  figure  to  the 
preceding  10  lots  and  the  bottom  figure  to  the  preceding  15  lots. 


Tightened  inspection  is  required  when  the  number  of  lots  with  estimates  of  percent 
defective  above  the  AQL  from  the  preceding  5.  10.  or  1 5 lots  is  greater  than  the  given  value 
of  T in  the  table,  and  the  process  average  from  these  lots  exceeds  the  AQL. 

All  estimates  of  the  lot  percent  defective  are  obtained  from  Table  D-5. 


Limits  of  Estimated  Lot  Percent  Defective  for  Reduced  Inspection 


tfO 
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Symbol 


U 

I. 

k 


PU 


P 

M 


M, 


M, 


P 


Pu 

P, 


Read 


X bar 


Sigma 


Q sub  U 
Q sub  L 
p sub  1/ 


p sub  L 


M sub  U 


M sub  L 


p bar 


p bar  sub  U 
p bar  sub  L 


Leas  than 
Greater  than 
Sum  of 


APPENDIX  D 

Definitions 


Definitions 


Sample  size  for  a single  lot. 


Sample  mean.  Arithmetic  mean  of  sample  measurements  from 
a single  lot. 


Known  variability.  The  predetermined  variability  of  the  qual- 
ity characteristic  which  will  be  used  with  the  variability  known 
acceptability  plans. 


Upper  specification  limit. 

Lower  specification  limit. 

The  acceptability  constant  given  in  Tables  D-1  and  D-Z. 


A factor  used  in  determining  the  quality  indices  when  using 
the  known  variability  acceptability  plan.  The  v values  are 
given  in  Tables  D-3  and  D-4. 


Quality  Index  for  use  with  Table  D-h. 
Quality  Index  for  use  with  Table  D-5. 


Sample  estimate  of  the  lot  percent  defective  above  U from 
Table  D-5. 


Sample  estimate  of  the  lot  percent  defective  below  L from 
Table  D-5. 


Total  sample  estimate  of  the  lot  percent  defective  p ■ py  + pj_^. 


Maximum  allowable  percent  defective  for  sample  estimates 
given  in  Tables  D-3  and  D-4. 


Maximum  allowable  percent  defective  above  U given  in  Tables 
D-3  and  D-4.  (For  use  when  different  AQL  values  for  U and 
L are  specified.) 


Maximum  allowable  percent  defective  below  L given  inTables 
D-3  and  D-4.  (For  use  when  different  AQL  values  for  U and 
L are  specified.) 


Sample  estimate  of  the  process  oercent  defective,  i.e.,  the 
estimated  process  average. 


The  estimated  process  average  for  an  upper  specification  limit. 
The  estimated  process  average  for  a lower  specification  limit. 


The  maximum  number  of  estimated  process  averages  which 
may  exceed  the  AQL  given  in  Table  D-6.  (For  use  in  deter- 
mining application  of  tightened  inspection.) 


Less  than. 
Greater  than. 
Sum  of. 


no 


li 

i 


h'l 


I: 


E 

H 


STANDARDIZATION  DOCUMENT  IMPROVEMENT  PROPOSAL 


OMB  Approval 
No.  22-R'25S 


INSTRUCTIONS:  The  purr»ot»e  of  Ihia  form  is  to  solicit  beneficial  comments  which  will  help  achieve  procure- 
ment of  suitable  products  at  reasonable  cost  and  minimum  delay,  or  will  otherwise  enhance  use  of  the  document. 
DoD  contractors,  government  activities,  or  manufacturers/ vendors  who  are  prospective  suppliers  of  the  product 
are  invited  to  submit  comments  to  the  government.  Fold  on  lines  on  reverse  side,  staple  in  comer,  and  send  to 
preparing  activity.  Comments  submitted  on  this  form  do  not  constitute  or  imply  authorization  to  Araive  any 
portion  of  the  referenced  documentfs)  or  to  amend  contractual  requirements.  Attach  any  pertinent  data  which 
may  be  of  use  in  improving  this  document.  If  there  are  additional  papers,  attach  to  form  and  place  both  in  an 
envelope  addressed  to  preparing  activity. 


OOCUMeNT  lOeNTlFieR  and  title 


NAME  OF  organization  AND  ADDRESS 


JcONTRACT  number 
I 

ha  A T E rTaITpr '6  C U 


jMATERIAL  PROCURED  UNDER  A 

I DIRECT  GOVERNMENT  CONTRACT  Qj  SU  8CON  T « , 

t.  HAS  ANY  PART  OF  THE  DOCUMENT  CREATED  PROBLEMS  OR  REQUIRED  INTERPRETATION  IN  PROCUREMENT 
USE’ 

A.  GIVE  paragraph  number  and  ^wording. 


B RECOMMENDATIONS  TOR  CORRECTING  Th  £ DEFICIENCIES 


Z COMMENTS  ON  ANY  DOCUMENT  REQUIREMENT  CONSIDERED  TOO  RIGID 


3.  IS  THE  DOCUMENT  RESTRICTIVE^ 


[ 1 YES  NO  (tt  **Ym»**,  in  whmt  wmy*) 


4.  REMARKS 


SUBMITTED  By  (Printed  or  typmd  name  and  mddrmto  - Opttonol) 


TELEPHONE  NO. 


^•MALTV  rOR  RRIVATC  UW  AMO 


Comsandlng  Officer 
Naval  Ordnance  Station 
Standardization  Division 
Attn:  Code  502 

Indian  Head,  MD  20640 


